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Abstract 
This research project mainly focuses on the synthesis and characterization of a new 
class of planar chiral poly(/7-phenylenevinylene)s (PPVs) possessing homochiral 
[n]paracyclophanylene units in their backbones. For the synthetic part, functionalized 
racemic [12]- and [ 14]paracyclophane monomers were first prepared and 
subsequently resolved by HPLC over a preparative chiral column. These monomers 
were then subjected to a co-polymerization process patterned after the Gilch method 
in which the other co-monomer was so structured as to ensure reasonable solubility of 
the resulting copolymers. The copolymers thus obtained had Mp value in the range of 
410-750k Daltons with good solubilities in organic solvents. PPVs in general are 
noted for their unusual electroluminescent properties. Since the non-racemic 
[n]paracyclophane-based PPVs we have synthesized are intrinsically dissymmetric, 
they have the potential to emit circularly polarized electroluminescence. 
In the course of our synthetic efforts on the above [n]paracyclophane-based PPVs, 
we accomplished the synthesis of [ 14][ 14]metaparacyclophane (33), the first example 
of a [m] [n]metaparacyclophane. The synthesis was initiated by an inquisition on the 
structure of the minor product of the bischloromethylation of [ 14]paracyclophane, 
which was identified to be 16,20-bis(chloromethyl)[ 14]paracyclophane. Amplification 
of the yield of this compound enabled us to use it as the starting material to complete 


















In the past three decades, Ti-conjugated polymers such as polyO-phenylenevinylene) 
(PPV，1), polyO-phenylene) and poly(2,5-thiophene) have attracted much attention 
1 
because of their unusual properties in electrical conductivity and optical non-linearity'. 
Among them, PPV first arouse the attention of organic chemists and materials 
scientists for its potential applications as electrically conducting materials^ Later 
recognition of its promising third-order non-linearity^  further prompted investigations 
on the nature of its excitation states\ PPV, with its aromatic phenyl rings and 
conjugated vinylene linkage, was first synthesized by Wessling and Zimmerman at 
D o w in 1968〉. It is a bright yellow, fluorescent conjugated polymer that is insoluble in 
organic solvents, and as such requires. special processing steps to produce the 
conjugated thin film necessary for physical measurement. Its fluorescent emission 
maxima at 551 nm (2.25eV) and 520 n印(2.40eV) are in the yellow-green region of 
the visible spectrum. 
In 1990，Friend, Holmes, and co-workers^ announced that they had achieved green-
yellow electroluminescecne from the single layer polymeric light emitting diodes 
(LEDs) based on PPV film and this initiated a surge of fervent activities in the past 
decade on. the studies of PPVs and related polymers. As a material, PPV has several 
advantages compared with the classical inorganic light-emitting diodes. First, the 
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simple processing steps permits PPV to be spread onto a large and curved surface. 
Secondly, the tensile strength of PPV is almost as high as those of polyaramide fibers 
and this attribute renders the polymer film more durable under harsh conditions 
during device operation. Others advantages of PPV involve low operating voltages, 
complete emission in the visible region, fast response times, high-quality displays, 
and ease of device processability with semiconductor technologies^. 
In the simple organic polymer-based L E D setup as shown in Figure 1，the thin film 
of light-emitting material such as PPV is sandwiched between two electrodes, with an 
indium-tin oxide (ITO) layer as the anode and a metal layer (Ca, Al) as the cathode. 
Under an applied voltage, the opposite charges, holes and electrons, are injected into 
the polymer thin film. It is believed that the electroluminescence is generated from the 
radiative decay of singlet excitons, which are produced by the recombination of the 
positive and negative charges. 
一 r ~ 
.i — metal cathode (Ca, Al) 
i : I 
！ P P V thin film 丨 
广 ^ 丨 
丨 ^ ^ jndium tin oxide ITO anode 
t却sparent glass 
I ： ! 
T " 
Light 
Figure 1. Schematic diagram of simple PPV-based L E D 
The balance of the rate of injection of positive charges and negative charges is 
crucial for high electroluminescence efficiency. The balance between the opposite 
charges can be accomplished by adjustment of the ionization potential of the polymer 
2 
to the work function of the positively charged electrode or by adjustment of the 
polymer electron affinity to the work function of the negatively charged electrode. For 
most of the conjugated polymers investigated, electron injection is more difficult than 
hole injection. To solve this problem, it has been necessary to use metals with low 
work function such as calcium as the electron-injecting contact so as to achieve high 
efficiency. 
Single-layer organic polymer-based L E D devices are typically fabricated by spin-
coating of the emissive material (e.g. PPV) onto the ITO anode as a thin film and the 
metal cathode (e.g. calcium) is coated onto the polymer film by vacuum evaporation. 
Encapsulation by additional layer of the metal of the polymeric L E D is needed in 
order to prevent the reduction of LED efficiency by environmentally induced 
degradation. 
A brief literature survey revealed some general methods used for the synthesis of 
PPVs. They are the precursor polymer route" ^  solution processible route^ '" and 
bimolecular polymerization approach'"''^ . 
In the case of the precursor polymfer route, there are generally two methods: the 
Wessling^ and the Ring Opening Metathesis polymerization (ROMP) approaches. 
The Wessling procedure involved the treatment of a,a'-dichloro-p-xylene with 
tetrahydrothiophene to form the corresponding /7-xylylene sulfonium chloride which 
subsequently reacted with an eqiiimolar amount of base to form a soluble precursor 
polymer. The precursor polymer was dialysed using distilled water to remove 
inorganic compounds and low molecular weight polymers. The precursor polymer 一 
was then spin-coated as a thin film on the ITO anode and was pyrolysis in vacuum to 
3 
give the conjugated PPV. The polymerization of the precursor polymer was believed 
to proceed through a reactive ;?-quinodimethane intermediate 口 which then underwent 
free radical or anionic polymerization to form the conjugated polymer. The reaction 
sequence is outlined in Scheme 1. 
Scheme 1 
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Reagents and conditions: (a) tetrahydrothiophene, MeOH，65''C; (b) N a O H , 
M e 0 H / H 2 0 or BU4NOH, M e O H , (c) neutralization (HCl); (d) dialysis (water); (e) 
180°C-300°C, vacuum, 12h. . 
Grubbs and co-workers^ in 1992 us吳cf another precursor polymer route, namely, the 
R O M P approach as depicted in Scheme 2，to synthesize PPV. It involved the 
treatment of bicyclo[2.2.1]octa-5,8-diene-cw-2,3-dicarboxylic ester with the olefin 
metathesis catalyst originally developed by Schrock and co-workers'^ to form the 
precursor polymer which was thermalized to give the desired PPV. 
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Scheme 2 
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Reagents and conditions: (a) [Mo(=NArX二C(H)CMe2Ph)(OCMe2(CF3))2]; (b) 280°C. 
Of the above two precursor polymer routes, the Wessling procedure suffered two 
drawbacks. First, because of the polyelectrolyte nature of the precursor polymer that 
will have some interaction with the material in the gel permeation chromatography 
column, determination of its characteristics such as degree of polymerization and 
polydispersity was difficult and, as a result, these same parameters in the resulting 
PPV film could not be accessed. Secondly, the precursor polymer, being a sulfonium 
salt, is liable to undesirable solvolytic reaction which would affect the desired 
polymerization process. On the other hand, the R O M P approach requires a rather 
elaborate starting material which entails lengthy synthesis. 
The solution processible route for PPV formation involves the use of a monomer or 
co-monomers which are adorned with solubility groups, usually in the form of highly 
branched alkyl chains, on the benzefie dng(s). The polymerization step utilizes a 
reaction developed in 1966 by Gilch^ in which a,a'-dichloro-p-xylene is subjected to 
the treatment with excess KO'Bu as shown in Scheme 3. It was Heeger's group'® who 
Scheme 3 
1 -一 
Reagents and conditions: (a) potassium 广厂/-butoxide，benzene, reflux. 15min. 
5 
took the advantage of Gilch's methodology in 1991 to prepare poly[2-methoxy-5-(2'-
ethylhexyloxy)-1,4-phenylenevinylene] (MEH-PPV, 2) by the sequence of reactions 
outlined in Scheme 4. Owing to the presence of a branched side chain on the 
Scheme 4 
OH ？」 0 — / 
0 … 0 i 一 
H3CO HgCO H3CO 
H3C0 
2 
Reagents and conditions: (a) 3-(bromomethyl)heptane, K O H , EtOH, reflux, 16h; (b) 
paraformaldehyde, concentrated HCl, dioxane，20''C, 18h, reflux, 4h; (c) potassium 
胁/-butoxide, THF, 20。C，24h. 
monomer unit, the resulting polyme.. 2 was soluble in organic solvents and was easily 
spin-coated into their film for electroluminescence measurement. As expected, the 
attachment of two ether linkages to the phenyl ring resulted in an electroluminescence 
at longer wavelength from 2，than from the unsubstituted parent PPV 1. 
Recently, the Gilch's methodology has been further modified by Vanderzande and — 
co-workers" who used as a monomer a solubilizing group-adorned l-chloromethyI-4-
6 
sulfinylmethylbenzene. derivative, 3 (Scheme 5). Upon treatment of 3 with equimolar 
amount of NaO'Bu, a soluble precursor polymer 5 was formed presumably via the 
/7-quinodimethane 4. The Cope-type elimination of sulfoxide functionality in 5 in 
refluxing toluene gave the dialkoxy PPV 6. It was claimed by the author that this new 
procedure gave better yield of the polymer than the classical Gilch reaction protocol. 
Scheme 5 
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Reagents and conditions: (a) 1 eq. NaO^Bu,、.£?c-butanol，30^C Ih. (b) toluene, reflux, 
N2，3h. 
A less widely used method for PPV synthesis is the bimolecular polymerization 
approach which in essence is a variation of the classical condensation polymerization. 
The general motif of such approach is to allow two bifunctional reactants to be united 
by olefination processes such as the Wittig'" and Ho m e r-Emmons-Wadsworth'^ 
reactions. In other cases, the Heck" reaction is applied to reactants having the 
7 
pre-constructed vinyl linkages. Although the bimolecular polymerization approach 
usually leads to low molecular weight polymers, it offers the attractiveness of a high 
degree of flexibility in the structural variation of the polymer backbone. A case in 
point is demonstrated in the regulation of PPV structure by the tactics i) shown in 
Scheme 6. 
Scheme 6 
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Reaction of a bis(phosphoranylidene)yB with a mixture of two dialdehyhe A and A， 
has been employed to generate polymers with various compositions. If A and B are 
conjugated systems and A，serves only as a spacer, the nature of the resulting three-
component polymers will be depended on the composition of the monomer feed. In 
this manner, the electroluminescence characteristics of the PPV can be fine-tuned. 
Anothei' synthetic route to PPV by bimolecular polymerization was the palladium-
catalyzed cross-coupling reaction between 1,4-diacetylbenzene derivative 7 with 
8 
1,4-dihalobenzene'^. The resulting polyketone 8 was reduced by L A H . Dehydration 
of the intermediate polymer 9 gave the desired structurally regulated co-PPV 10. 
Scheme 7 
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R= CgHi?, C12H25, C16H33； X = Br, I 
Reagents and conditions: (a) Pc^dba]，BINAP, NaO'Bu，THF; (b) LiAlH4, THF; (c) 
TsOH, H2O. • 
Since the discovery of electroluminescence in PPV-based polymeric LEDs^, the 
major directions of development were focused on the design of new PPV materials to 
attain higher quantum conversion efficiency and better stability and durability for 
operation purposes. Recently, several new applications of PPVs such as their use in 
indicators, displays and lightning'^  have initiated new research. However, little 
attention was given to the polarization of the light emitted. Because of a continuous 
demand in display technology for efficient materials for the construction of polymeric 
LEDs capable of producing polarized luminescence, the focus of attention on PPVs 
9 
has been shifted in the past few years to the conjugated polymers which are 
intrinsically dissymmetric so that the circularly polarized light emitted from them may 
be harnessed〗。. 
Control of the polarization of light is important in optical switching devices and in 
the production of back lights in liquid-crystal displays^ '. The installation of polarizers 
in these devices��，though enables the achievement of such control, often entails 
mechanical cumbersomeness and results in energy loss due to filtering of light. 
Therefore, the direct generation of polarized light from an emitting material is far 
more favorable in terms of energy efficiency and production costs. 
Circularly polarized luminescence ( C P L ) i s the consequence of the different 
intensities between the left and right circularly polarized light that are emitted by the • 
optically active excitation states of an intrinsically dissymmetric molecule. The 
primary observables in CPL are the differential of the left and right circularly 
polarized light emitted, A / = 4 - /r, and the dissymmetry factor, gium = 2 A / / /. 
where J = Ii + /r and 4 and /r are the left and right circularly polarized light of the 
emitted radiation, respectively. 
CPL effects have been found in chemiluminescence^'^, photoluminescence"^ and 
electroluminescence^^. It has been known that the CPL generated from the conjugated 
polymer, in most cases, was the result of the chiral pendant groups embedded in the 
polymer backbone^?. The optical activity of these chiral conjugated polymers are 
mainly due to the polymer chains in the aggregated phase in which it was formed 
during precipitation in a poor solvent or in a good solvent upon cooling. The lack of 
optical activity in dilute solution can be explained by a random conformation of the 
10 
polymers in solution. 
In 1996，Meijer and co-worker^^ first reported the circular polarization in the 
photoluminescence of a conjugated polymer, the poly(2,5-thiophene) derivative, 11， 
which carries two homochiral (5)-2-methylbutoxyl pendants per each thiophene ring. 
The circular polarization in absorption, gabs，defined as 2(SL-SR)/(SL+ER), was 2 x 10'^ , 
while the circular polarization in emission gium，define as 2(/l-/r)/(/l+/r), was 5 x 
10-3. 
H . 
V w v 
M 
11 
Circularly polarized electroluminescence (CPEL) generated from PPV was also 
first demonstrated by Meijer’s groiip"^  in the ensuing year 1997. The CPEL-LED was 
based on the copolymer containing a chiral non-racemic poly{[2，5-bis[(5)-2-methyl-
butoxy]-/7-phenylene-vinylene]}-co{2’5-tris[(3 足,35>(3,7-dimethyloctyl)oxy]-/7-phen-
ylenevinylene) backbone as depicted by structure 12. The polymer was fabricated 
into the polymeric L E D that emitted light with the right-handed emission intensity, /R, 
1 1 
slightly larger than the left-handed intensity, Ii. The degree of circular polarization, 
characterized by the dissymmetry factor in electroluminescence^^, gEi= 
2(/L-/R)/(/L+/R)，was 1.3X10-3. 
In other works of similar nature within the past two years, higher degrees of 
circularly polarization of emission have been observed from polyfluorene-based 
devices using the chiral non-racemic poly{2,7-[9,9-bis((25)-2-methylbLityl)]fluorene 
13 or poly(2,7-[9,9-bis((35)-3,7-dimethyloctyl)]fluorene 14 as the emissive material. 
The gELof 13 and 14 were found to be 0.16 and -0.25 respectively"^ . 
- / r ^ ^ n 人 — 、 ( ^ ~ V \ 
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It is noteworthy that the chirality of each of the polymers is the consequence of the 
two asymmetric side chains in the polymer backbone and it requires no macroscopic 
orientation of chromophores as for linear polarized electroluminescence. In the case 
of PPVs, chirality can be created either by adornment of asymmetric pendants on the 
phenylene monomer unit or by making the phenylene unit itself planar chiral. In the 
case of the chiral pendant-garnished PPV 12 synthesized by Meijer and coworkers, it 
only exhibited CPEL with a rather low dissymmetry factor. W e were interested in 
constructing PPVs in a different way by incorporating into the polymer backbone the 
12 
chiral phenylene rings in the form of [njparacyclophane segments as depicted by 15. 
15 
Given that conjugated polymers with a planar chiral mainframe generally exhibit 
higher optical activities'^  It is hoped that a higher degree of circular polarization in 
emission from systems such as 15 may be attained. Described in this Thesis is our 
synthetic undertaking toward these polymers. 
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II. Results and Discussion 
II.l Synthesis of racemic planar chiral P P V by bimolecular polymerization using 
the Horner-Emmons-Wadsworth reaction 
At the early stage of the present investigation, a feasibility test was carried out to 
prepare the desired planar chiral [n]paracyclophane-based PPV in racemic form by 
bimolecular polymerization process using the Horner-Emmons-Wadsworth reaction. 
A fundamental building block for this purpose was 16,19-bis(chloromethyl)-
[14]paracyclophane (17). Both dichloride 17 and its lower homolog 14,17-
bis(chloromethyl)[12]paracyclophane (16) were accessible by a synthetic route as 
shown in Scheme 8 reported by our group several years ago^^. However because of a 
Scheme 8 
/—Br /-Sn, —S〇2 
广、. a , 、 b . \ , 
y H , ) 、 ) 
� ICH^., (CH.), 
H 
/ 
丄 6 ] — 
H 16(n=12) 
17(n=14) 
Reagents and conditions: (a) HS(CH)n-2SH, K O H , EtOH. CsHs, rt, Iday; (b) H2O2, 
H O A c , A, 2h; (c) CBr.F：, K O H , 'BuOH, rt, Ih; (d) H：. Pd/C, EtOAc, rt, Iday; (e) 
CH3OCH2CI, SnCU- CS2. rt, 4h. 
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considerably better yield for 17，it was selected as the starting material. From 
dichloride 17, procurement of two more advanced synthetic intermediates, namely, 
the [14]paracyclophane dialdehyde 20 and the [14]paracyclophane bisphosphonate 21, 
were possible by the two series of reactions outlined in Scheme 9. In one sequence, 
Scheme 9 
p C H + A 
17 18 19 
d c 
U r ^ " ^ ' O H C - ^ ^ C H O 
21 20 
Reagents and conditions: (a) NaOAc. H O A c . reflux, Iday. 97%; (b) K O H , M e O H , 
reflux, 2h. 96%; (c) PCC, CHiCb. rt. 2h, 94%; (d) triethyl phosphite, 150''C, Iday, 
43%. 
dichloride 17 was converted into diacetate 18 which was deacylated to give diol 19 
and oxidation of the latter by PCC furnished dialdehyde 20. In another sequence, 17 
was transformed directly into the bisphosphonate 21 by the classical Michaelis-
Arbuzov reaction. 
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With both dialdehyde 20 and bisphosphonate 21 in hand, the stage was set for 
bimolecular polymerization by the Homer-Emmons-Wadsworth reaction. Indeed, 
reaction of 20 and 21 in the presence of KO'Bu (Scheme 10) afforded a fluorescent 
green solid 22 which was soluble in common organic solvents including THF, 
chloroform and dichloromethane, giving in each case a highly fluorescent solution. 
Scheme 10 
O H C - ^ C H O 
McH：),, 
20 21 22 
Reagents and conditions: (a) KO'Bu. THF. rt. N：. 24h. 30%. 
That some degree of polymerization occurred in the above reaction was evidenced 
by the appearance of the 'H N M R spectrum of the resulting product 22 as shown m 
Figure 2. The overall broadening of signals in this spectrum in comparison with those 
in the co-monomers were indicative of polymer formation. However, it was apparent 
that the extent of polymerization was far From being high since there remained a 
visible broad signal for the aldehydic proton and this could only be the result that the 
aldehyde end-group still assumed a significant part in the overall polymer which had 
to be small. Indeed, molecular weight determination by gel permeation 
chromatography (GPC) using polystyrene standard as reference gave values in the 
neighborhood of 2400 Daltons, corresponding to a degree of polymerization of 
about 8. The presence of several we 11-resolved peaks in the chromatogram lent further 
16 
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Figure 2. 'H N M R spectrum of 22 
support to the conclusion that only very small polymers or more appropriately, 
oligomers, were formed in the Horner-Emmons-Wadsworth reaction of Scheme 10. In 
view of the inability of this reaction to deliver high molecular polymers, our original . 
approach along such direction was abandoned. 
II.2 Formation of racemic |n]paracyclophane-based homo-PPVs from 
rrtc-bis(chloromethyl)[n)paracyclophanes by the Gilch reaction 
Racemic 16,19-bis(chloromethyl)[l/]paracyclophane (17) was a suitable monomer 
for the formation of PPV by the Gilch procedure^ Accordingly, dichloride 17 was 
subjected to the treatment of tenfold excess of KO'Bu in THF for the intended 
polymerization as shown in Scheme 11. In a series of reaction conditions examined, it 
was found that the initial concentration of monomer 17 was critical in determining the 
outcome of polymerization process. Too high a concentration of the monomer led to 
serious gelation of the resulting polymer, thus making its collection difficult. After 一— 
considerable experimentation, the optimal initial monomer concentration was Found to 
17 
be 0.03 mol/L. 
Scheme 11 
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Reagents and conditions: (a) KO'Bu, THF, rt, N2, 24h, 56%. 
The resulting racemic [14]paracyclophane imbedded PPV (;'c/c-[14]PCP-PPV) (22) 
obtained in the afore-mentioned fashion was also a bright fluorescent pale-green solid. 
It was soluble in common organic solvents including chloroform, dichloromethane 
and THF. giving in each case a highly fkiorescent green solution. The IR and 'h 
N M R spectra of. and the elemental analysis for /m‘-[14]PCP-PPV 22 confirmed its 
polymeric nature. 
Figure 3 shows the IR spectrum of /m.-[14]PCP-PPV 22. The spectrum itself was 
rather simple but contained therein a moderately strong absorption peak at 960 cm"' 
which was absent in the spectrum of the monomer 17. On the other hand, the 
absorption peak at 〜563 cm'' for the stretching of C-Cl originally present in the 
spectrum of 17 now vanished in that of polymer 22. Since the 960 cm"' peak was 
diagnostic of the presence of a trans olefinic double bond，formation of a PPV 
backbone with trans vinylene linkages was substantiated. 
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Figure 3. IR (KBr) spectrum of rac-[14]PCP-PPV 22 
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Figure 4. ^H N M R spectrum of rac-[14]PCP-PPV 22 
The 'H N M R spectrum of rjc-[14]PCP-PPV 22 is given in Figure 4. All the signals 
appeared to be very broad as what was indicative of polymer formation. Of particular 
relevance was the disappearance of the signals at 4.55 and 4.69 ppm for the 
diastereotopic chlorobenzylic protons in monomer 17, and in their place, the 
appearance of a^ broad. peak at 〜7.40 ppm for the vinylic protons in the polymer. 
‘ 19 
Further convincing evidence for high molecular weight polymer formation was 
provided by the elemental analysis of the polymer sample, which contained 86.17% C， 
IO.720/0 H and 0.1% CI. These data were in good agreement with the molecular 
formula for the polymer [C22H32]n. 
Material balance gave a yield of 56% for rac-[14]PCP-PPV 22 from monomer 17. 
G P C measurements set the Mn value at 912000，Mw at 1165000 and a polydispersity 
value at 1.28 for 22. 
Along the same line, rac-[12]PCP-PPV 23 was prepared from racemic 14,17-
bis(chloromethyl)[12]paracyclophane (16) by the reaction shown in Scheme 12. The 
yield of the polymer in this case was 50%. G P C measurements set the M „ value at 
850000, M、、at 1130000 and a polydispersity value at 1.32 for 23. 
Scheme 12 
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Reagents and conditions: (a) KO'Bu. THF, rt, N]，24h, 50%. 
Encouraged by the results in the synthesis of racemic polymers 22 and 23’ we 
moved on to the synthesis of their enantiopure counterparts by using enantiopure 
dichlorides 16 and 17 as starting materials. 
II. 3 Preparation of enantiopure bis(halomethyl)[n]paracyclophanes to be used 
as monomers for the synthesis of planar chiral non-racemic PPVs. 
The planar chiral non-racemic PPVs intended by us had to be assembled from 
enantiopure monomers. In the context of the Gilch procedure^, the appropriate 
monomers would be the bis(chloromethyl)- or bis(bromomethyl)[n]paracyclophanes, 
each in its enantiopure form, shown in Chart 1. The configurations of these 
enantiopure compounds are designated with the descriptors pR and pS to indicate 




X = C1. Br 
As expected, our principal building blocks, the dichlorides 16 and 17 could not be 
16 17 
21 
resolved directly by chemical means, without derivatization. In a separate project in 
our laboratory, Wei^^ worked out a route to resolve them into the corresponding diols 
as shown in Scheme 13. 
Scheme 13 
CI. fi A。。廣 A。。孩 
racemic racemic racemic 
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diastereomeric mixture 
Reagents and conditions: (a) NaOAc, HOAc. reflux. 1 day; (b) NaBHj. M e O H . O T ; 
(c) Cr03, H2SO4. 42。C; (d) (i) SOCI2. CH.Cb. rt. 12h, (ii) (aR)-BINOL. D M A R 
CH2CI2, rt, 12h. 
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Scheme 13 (cont'd) 
Diastereomeric mixture 
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(e) flash chromatography over silica gel by elution by EtOAc-CPbCN-hexane (1/2/4): 
(0LiAlH4. THF, 0"C. 
Along the way, absolute stereochemistry was established by X-ray crystallography 
so that the configurations of the final diols were defined. Wei^' also found that the 
[njparacyclophane dichlorides 16 and 17 could also be resolved by way of their 
diacetates by means of preparative H P L C over a chiral column. This method of 
resolution (Scheme 14) served as the main line of supply of enantiopure monomers in 
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Reagents and conditions: (a) HPLC separation by preparative Chiracel O D column. 
'PrOH/hexane: 1/40; (b) K O H , M e O H . reflux. 2h. 
II.4 Synthesis of [141[141metaparacyclophane — the first example of a 
[m] [n]metaparacyclophane 
At this point, we shall digress from the main discussion on the construction of 
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chiral non-racemic [n]paracyclophane-based PPVs to describe the synthesis of 
[14] [ 14]metaparacyclophane (33) which came out as an unexpected bonus from the 
present investigation. The significance of this compound lies in its being the first 
example of a [m] [n]metaparacyclophane, ever known. 
[m][n]Metaparacyclophane 
Cyclophanes are known for their structural diversity”. Among the simple members 
of this family of compounds, [m][njmetaparacyclophanes have hitherto not been 
synthesized, presumably because the consecutive three-point anchoring of the two 
polymethylene chains onto one side of the benzene ring daunted synthetic efforts. Our 
synthesis of [ 14][ 14]metaparacyclophane was initiated by our curiosity of the nature 
of a minor, almost negligible, byproduct in the bischloromethylation of 
[14]paracyclophane. That the major product in this reaction was 16.19-
bis(chloromethyl)[ 14]paracyclophane (17) had been established unequivocally in our 
previous studies: 二. However, the H N M R spectra of the samples of 17 isolated 
from the reaction mixtures invariably indicated the presence, in trace amount, of what 
appeared to be an isomeric contaminant which could not be cleaned up by flash 
column chromatography. The content (estimated by 'H N M R signal intergration) of 
this minor product, which did not exceed 5 % when the bischloromethylation was 
conducted in CS2 at 20'^ C, could be amplified to about 10% when the reaction was 
carried out in the same solvent at reflux temperature. While this minor product was 
most likely 16,20- bis(chloromethyl)[ 14]paracyclophane (24). the possibility of its 
being 16.17- bis(chloromethyl)[ 14]paracyclophane (25) could not be ruled out 
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completely (Scheme 15). Since dichloride 24 / 25 could not be separated from the , 
Scheme 15 
广 ( C H ^ a 》 ( ⑶ 4 、 
^ + or 
"^Cl C I — ^ 
17 24 25 
(17 : 24 / 25 = 9 : 1 as inseparable mixture) 
Reagents and conditions: (a) CH3OCH2CI. SnCU. CS：. reflux. 4h. total yield 42%. 
major product 17. further manipulation was necessary to settle the issue of its 
structure. To our delight, when the mixture of 17 and 24 / 25 was converted into its 
corresponding diacetates 18 and 26 / 27, the resultant diacetate mixture was separable 
with relative ease by flash column chromatography (Scheme 16) into two fractions 
each with a (M+H)^ peak at 417 by F A B M S . That the major product in Scheme 16 
was 16,19-bis(acetoxymethyl)[ 14]paracyclophane (18) followed from its precursor 
• 
being the major component dichloride 17 in the mixture prior to acetolysis. Further 
support for structure 18 was obtained by its resolution into pure enantiomers by 
H P L C over a chiral column (see II.3 and II.5). On the other hand, the issue whether 
I ^ 
the minor diacetate was 26 or 27 was easily settled by ^C N M R spectroscopy. The 
compound in question exhibited fourteen peaks for its polymethylene bridge and four 
peaks for its aromatic ring. Such pattern could only accommodate structure 26 and 
26 
ruled out 27 because the latter, having a plane of symmetry bisecting the 
polymethylene bridge and perpendicular to the benzene ring, would have exhibited 
seven and three peaks for its polymethylene bridge and aromatic ring, respectively. 
Scheme 16 
+ C ^ 。 r 
CI CI—^ 
17 24 25 
a 
\ / 
~ O A c — O A c A c O — 一一〇Ac 
18 26 27 
(ruled out by 丨:、C N M R . 
see text) 
(18 : 26 = 9 : 1 as separable mixture) 
Reagents and conditions: (a) (i) NaOAc, HOAc, reflux. 1 day;, (ii) flash colum 
chromatography over silica gel using EtOAc-hexane (1/ 20) as eluent, 87% isolated 
yield for 18 and 10% isolation yield for 26 / 27. 
The availability of diacetate 26，even though in small amount, presented us an 
opportunity for the assembly of the hitherto unknown [m][n]metaparacyclophane 
system. The disposition of two acetoxymethyl groups on each side of the anchoring 
2 7 
point on the benzene ring of the pre-existing para polymethylene bridge was ideal for 
the generation of a second handle of cyclization. Using a strategy which was 
previously developed in our laboratory for the synthesis of [m] [njparacyciophanes^*^, 
diacetate 26 was employed as a starting material for the construction of 
[14] [ 14]metaparacyclophane (33) by the sequence of reactions shown in Scheme 17. 
Scheme 17 
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Reagents and conditions: (a) K O H . M e O H , reflux. 2h, 96%; (b) PBr]，C^Hfe. CH3CN, 
pyrindine, 0"C — rt, 4h, 87%; (c) HS(CH2)i2SH. K O H EtOH, CeH^, 6h. 82%; (d) 
H2O2, H O A c , 0"C, 2h, 97%; (e) CBr.F：, KOH/AI2O3, 'BuOH-CH^Cb, rt, Ih; (f) H2, 
Pd/C, EtOAc, rt. May, 28% in two steps. 
28 
Deacetylation of 26 afforded the diol 28 which was converted to dibromide 29. 
Cyclocoupling of 29 with 1,12-dodecanedithiol in the presence of K O H provided 
2,15-dithia[ 16][ 14]metaparacyclophane (30) which, upon oxidation to the bissulfone 
(31) followed by the improved one-flask protocol of the Ramberg-Backlund reaction 
developed earlier in our laborator/*，yielded the stereochemically undefined 
[16][ 14]metaparacyclophane-1,13-diene (32). Hydrogenation of cyclophanediene 32 
finally delivered [ 14][ 14]metaparacyclophane (33). In this manner, the first example 
of a [m] [n]metaparacyclophane was synthesized. 
II.5 Synthesis of enantiopure (nlparacyclophane-based homo-PPVs from 
enantiopure bis(bromomethyl)[n]paracyclophanes by the Gilch reaction 
After side-tracking to a description of the synthesis of [ 14] [ 14] metaparacyc lophane 
(33). vve now return to our discussion on the main subject matter of the synthesis of 
enantiopure planar chiral PPVs. With the enantiopure bi s( hydroxy methyl) [n] para-
cyclophanes shown in Scheme 14 in hand, we were one step away from the assembly 
of the target planar chiral polymers. What needed to be done was to convert these 
cyclophanediols into the corresponding dichlorides to be used for the polymerization 
by the Gilch procedure'^ '' into the desired macromolecules. However, in view of a 
recent report showing that ；>xylylenedibromides (1,4-bisbromomethyIbenzenes) were 
better monomers for the Gilch polymerization than their corresponding dichlorides^, 
we chose to convert the available enantiopure cyclophanediols 34-37 into the 
respective dibromides 38-41 (Scheme 18). 
：1) 
Scheme 18 
(pR)-(-)-34 (n= 12) (pR)-(+)-38 (n=12) 
(pR)-(-)-35 (n二 14) (pR)-(+)-39 (n= 14) 
(/?S)-(+)-36 (n=12) (pS)-(-)-40 (n=12) 
(/7S)-(+)-37 (n=14) (/;SH-)-41 (n=14) 
Reagents and conditions: (a) PBr：；. C6H(,. CH3CN. pyrindine. 0(、C rt. 4h. 
The resulting four enantiopure dibromide monomer units 38-41 were polymerized 
according to the Gilch procedure*^ using tenfold excess of KO'Bii in T H F as shown in 
Scheme 19. However, to our great disappointment, the product in each case, ie., the 
intended enantiopure chiral planar homo-PPVs (j?R)-42 and 43. and (pS)-44 and 45. 
was an infusible greenish solid which was insoluble in all common organic solvents. 
Variation in the conditions of polymerization did not bring about any apparent 
improvement. As a result, characterization of these presumably enantiopure homo-
PPVs was not possible. 
Scheme 19 
L ^ C H ^ , J . 
(pR)-(+)-38 (n= 12) (pR)-42 (n= 12) 
(pR)-(+)-39 (n=14) (/?R)-43 (n=14) 
冲 f - • 
/ y k L / y k . Jm 
(pS)-(-)-40 (n=12) (pS)-44 (n=12) 
(/7S)-(-)-41 (n=14) (pS)-45 (n=14) 
Reagents and conditions: (a) KO'Bu. THF. rt, NS, 24h. 
Therefore, it is clear that in contrast to the polymerization of /Y/C'-14.17-
bis(chloromethyl)[ 12]paracyclophane (16) and of vac-16,19-bis(chloromethyl)-
[14]paracyclophane (17) which produced soluble /m'-[12]PCP-PPV 23 and nic-
[14]PCP-PPV 22 (see Schemes 11 and 12). the polymerizations of their enantiopure 
bisbromomethyl monomer counterparts produced only insoluble polymers (Scheme 
19). With due consideration given to the atactic nature of the racemic [n]PCP-PPVs 
22 and 23 versus the isotactic nature of the individually homochiral [n]PCP-PPVs 42-
45，we did anticipate some solubility problem in the latter cases because 
stereoregularity in them would likely enhance the efficiency of inter-polymer chain 
packing thus reducing solubility. Nevertheless, we held some hope that the 
polymethylene chain on each benzene ring in the polymers might confer some degree 
of solubility onto them. Unfortunately, the solubilizing effect of these chains was 
31 
inconsequential and the insolubility of the samples rendered impossible the 
investigation of their physical properties. 
II.6 Copolymers formation from enantiopure bis(bromomethyl)[n]paracycIo-
phanes and racemic a,a'-dibromo-2,5-bis(3,7-dimethyloctyloxy)-/7-xylene by the 
Gilch reaction 
To circumvent the insolubility problem associated with the enantiopure 
[n]paracyclophane-based homo-PPVs 42-45 in Scheme 19，we resorted to the 
measure of copolymers formation. The strategy was to interrupt the stereoregularity of 
the polymer chain by interposing long branched chain-adomed phenylene units with 
the cyclophanylene units. Such an approach was used in Meijer's previous work"^ 
mentioned in Part I. Thus, in our case, individual enantiopure bis(bromomethyl)-
[n]paracyclophanes 38-41 were allowed to copolymerize with stereorandom a,a.-
dibromo-2.5-bis(3.7-dimethyloctyloxy)-/?-xylcne (48) which was easily assembled in 




/ ^ / — ' � 
OH ,〇一 、- o — 、 
</~\ a , b , r K • ‘已 r 
W H B r v — 
HO R〇 R 〇 
46 47 48 
R = / C ^ 广、 
Reagents and conditions: (a) (CH3)2CH(CH2)3CHCH3(CH2)2Br. K2CO3. TBABr. 
acetone, reflux. 4h. 82%; (b) paraformaldehyde. HBr in acetic acid. rt. 2h. 87%. 
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with 1 -bromo-3,7-dimethyloctane gave l,4-bis(3,7-dimethyloctyloxy)benzene (47) as 
a diastereoisomeric mixture which was bisbromomethylated to afford a,a'-dibromo-
2,5-bis(3,7-dimethyloctyloxy)-/?-xylene (48) in an overall yield of 71% in two steps. 
For the preparation of the intended soluble chiral non-racemic copolymers, 
individual enantiopure cyclophane dibromides 38-41 (x) were copolymerized, in the 
presence of tenfold excess of KO'Bu in THF, with the dialkoxylated /?-xylylene 
dibromide 48 (y) at various feed compositions. These reactions are summaried in 
Scheme 21. To avoid gelation and precipitation of products, it was best to conduct the 
copolymerizations at relatively low concentrations of the co-monomers and in our 
hands, good results were generally obtained when the sum of the initial concentrations 
of both co-monomers in the feed was kept at 0.03 moI/L. Beyond this initial 
concentration, gelation of the copolymeric products became a problem. 
It should also be pointed out that the solubility of copolymers 49-52 formed in 
Scheme 21 decreased with the ratio of x/y in the monomer feed increased. In most 
cases, teed ratios of x/y exceeding 2:1 led to sparingly soluble products. Therefore, in 
our study, the maximum feed ratio for x/y was maintained at 2:1 for all cases. 
With the variables n=12, 14; x/y= 1:4. 1:2. 1:1. 2:1; and the configurations of the 
paracyclophane rings being pS and pR. we have prepared a total of sixteen 
copolymers having the general structures 49-52. The properties of these materials are 
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{pR)-(+)-3S (n=12) (pS)-(-)-40 (n=12) 
(/7R)-(+)-39 (n=14) {pS)-{-)-4\ (n=14) 
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冗 产 如-)-51(n 二 12) 
(厂RH+)oO(n=14) (y;S)-(-)-52 (n=14) 
Reagents and conditions: (a) KO'Bii, THF, rt, N：, 24h. 
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II. 7 Characterization of the chiral non-racemic poly[(pRy/7S)-[n]-2,5-paracyclo-
l,4-phanylene-(£)-vinylene]-co-[2,5-bis(3,7-dimethyIoctyloxy)-l,4-phenylene-(£)-
vinylene] polymers 
In order to facilitate a description of the properties of the chiral non-racemic 
[njparacyclophane-based copolymers synthesized in this study, their names are 
abbreviated as shown in Chart 2. 
Chart 2 
Structures Full and abbreviated names 
r /〇R 
「 / H L _ J ^ \ � � -
,r~( / / / \ \ ] / ~ jv Poly[09RH+)-[ 12]-2,5-paracyclo-1,4-phanylene-(£)-vinylene]^-
L / —； 」xRO =[(pRH+)-[12]PCP-PPV],-CY>[BMD0-PPV], ‘ ‘ 
( ,力 )丨 2 . 
(/?RH + )-49 
「 〇R ， 
丨 厂 、 」 ~ ‘ y Poly [(pRH+)-[ 14]-2,5-paracyclo-1.4-phanylene-(£)-vinylene],-
、〜\ / ‘ cf;-[2,5-bis(3,7-dimethyloctyloxy)-l,4-phenylene-(£)-vinylene]\ 
/ ^ C H 、 =[(厂R)-(+)-[14]PCP-PPV]\-aKBMD0-PPV]\ ‘ 
(pR)-(+)-50 
• OR • 
[ / H “ / ^ 一 厂 
J ~ \ / / Jy Poly[(pS)-(-)-[12]-2,5-paracyclo-l,4-phanylene-(£)-vinylene]^-
、 \ ) - } - oq/ co-[2,5-bis(3,7-dimethyIoctyloxy)-l,4-phenylene-(£)-vinyIene],. 
y ^ C H . ) 二 [(pSH-H12]PCP-PPV]x-cYKBMD0-PPV]y • 
(pSH-)-51 
- OR -
^ - / O ””『.y Poly[(pS)-(-)-[14]-2,5-paracyclo-l,4-phanylene-(£)-vinylene]^-
一“"(》—/—Z p^/ co-[2,5-bis(3,7-dimethyloctyloxy)-l,4-phenylene-(£)-vinylene],. 
L W 」x… =[(pSH-)-[14]PCP-PPV],-co-[BMDO-PPV], 
( > 1 4 ‘ 
(pS)-(-)-52 
The first distinct feature of copolymers 49-52 was their colors. In contrast to the 
pale-green coloration of the racemic homopolymers 22 and 23 described in 11.2’ a 
fluorescent hue ranging from orange-yellow to deep-red was seen in copolymers 
49-52. A gradual shift toward red coloration was brought about by lo而.iiig of the x/y 
ratio (ie., increasing the amount of dialkoxylated /p-xylene dibromide co-monomer) in 
the monomer feed. This trend which is summarized in Table 1 was observed 
regardless of the bridge-length (n=12 or 14) of the cyclophane unit (and of course its 
absolute configuration) in the copolymers. These color changes obviously had a direct 
bearing on the proportion of the dialkoxylated phenylene units incorporated into a 
given copolymer backbone. A higher proportion increase the extent of 7i-conjugation 
in the copolymer system shifting its light absorption to longer wavelength and leaving 
its complementary color toward the red end of the visible region. 
Table 1. Relationship between color of copolymers 49-52 
and x/y in the monomer feed 
X / y Color of copolymers 49-52 
2 / 1 orange-yellow 
1 / 1 orange-red 
1 / 2 ^ ^ 
1 / 4 deep-red 
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Figures 5-7 show representative spectra of a copolymer and the two co-monomers. 
Evidence of double bond formation was indicated by the disappearance of the C-Br 
stretching absorption bands at 〜565 cm'' originally present in both co-monomers and 
the appearance of a moderately intense band at 963 cm'' in the polymer which was 
ascribable to bending absorption of rra^ij-double bonds. 
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Figure 7. IR (KBr) spectnim of (pR)-(+)-16,19-bis(bron:iomechyl)[14]paracyclophane 
The 'H N M R spectnim of a typical copolymer, [0:7R)-(+)-[l4]PCP-PPV]2-co-
[BDMO-PPV]i, is shown in Figure 8. Polymer focmatLoa was verified by the broad 
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Figure.8.【iiNMR spectrum of [(pRH+)-[14]PCP-PPV]2-co-[BDMO-PPV]i, 
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present in the two co-monomers disappeared in the spectrum of the copolymer, 
indicating double bond formation. The signal at about 4.1 ppm was attributable to 
the -OCH2- protons in the dialkoxylated phenylene units. The ration of the area of 
this signal to that of the signals (at -2.5 and -3.2 ppm) for the benzylic protons of the 
cyclophanylene units matched the x/y ratio in the monomer feed within 5 % which is 
within the accuracy of N M R signal intergration measurements. More precise data 
were obtained from the elemental analysis results (see Experimental) of the sixteen 
copolymers prepared in our study. Each of these samples contained less than 0.1 % 
bromine, indicating that the copolymers were free of monomer contaminants. In 
addition the carbon and hydrogen contents in each polymer matched well the 
co-monomer feed composition as is expected from complete conversion. Needless to 
say, the composition distribution in each sample is not known. 
The molecular weights of the chiral non-racemic [n]paracyclophane-based 
copolymers prepared by us were determined by GPC against polystyrene standards 
and the relevant data are given in Table 2. It can be seen that the M" values of these 
copolymers ranged from about 500k Dalton to 960k Dalton with quite narrow 
polydispersity. 
All the copolymers obtained may be described as soluble in most organic solvent 
but as mentioned previously, difficulties in solubility began to emerge when the x/y 
ratio exceeded 2:1. The observed trend in decreasing solubility with increasing x/y 
ratio may be interpreted as a consequence of the increasing content of the enantio-
defined paracyclophanylene unit in a given copolymer, which in turn increases the 
degree of stereoregularity of the overall polymer backbone. Stereoregularity facilitates 
inter-polymer chain attraction thereby decreasing solubility of the polviner. 
Table 2. Molecular weights values for copolymers 49-52 at various x and y values 
Sample M n / ICT^Mw/10'^ Polydispersity 
[(/7R)-(+)-[1 2]PCP-PPV]2-CO-[BDMO-PPV] i 1^36 
[(/?SH-)-[12]PCP-PPV]2-CO-[BDMO-PPV]I TO ST^ 
[(pR)-(+)-[ 12]PCP-PPV] 1 -co-[BDMO-PPV] i ^ E 9 \29 
[O^SH-)-[l 2]PCP-PPV] 1 -⑶-[BDMO-PPV] 1 ^ ^ 135 
[(pR)-(+)-[l 2]PCP-PPV], -co-[BDMO-PP V]2 
[(/^SH-H12]PCP-PPV],-⑶-[BDMO-PPV]2 m m r42 
[0^RH+)-[12]PCP-PPV]I-CO-[BDMO-PPV]4 413 ^ iJl 
[(pSH-)-[l2]PCP-PPV]i-co-[BDMO-PPV]4 420 ^ fls 
[(pRH+)-[14]PCP-PPV]2-co-[BDMO-PPV]i ^ ^ L39 
[(pS)-(-)-[14]PCP-PPV]2-co-[BDMO-PPV]i ^ i 3 8 
[(pR)-i+)-[ 14]PCP-PPV]丨-co-[BDMO-PPV] i TAO m 
[(pSH-)-[ 14]PCP-PPV], -co-[BDMO-PPV], 747 ^ UO 
[(pR)-(+)-[ 14]PCP-PPV] 1 -CO-[BDMO-PPV]2 ^ ^ 
[(/pSH-H 14]PCP-PPV], -A;-[BDM0-PPV]2 639 856 \ M 
1 
[(/7RH+)-[14]PCP-PPV]|-C'O-[BDMO-PPV]4 5^2 I 7 % [ 4 2 
丨 
[(pS)-(-)-f 14]PCP-PPV]I-c-o-[BDMO-PPV]7~i 550 ! 7 4 7 1.36 
— ！ i I 
The thermal stability in air of the sixteen copolymers was evaluated by 
Thermogravimetric Analysis (TGA). Being quite thermally stable, they began to lose 
weight in the vicinity of 330'^C. These materials, however, tolerated heat to a 
somewhat lesser degree than the racemic homopolymer rac-[\A] PCP-PPV (22). This 
difference may be accounted for by the presence of the more vulnerable ether linkages 
in the copolymer backbones of 49-52 whereas the homopolymer 22 is a hydrocarbon. 
Both the UV-Visible Absorption and Fluorescence Emission spectra of the sixteen 
copolymers were recorded in THF solutions, and the maximum absorption and 
emission wavelengths of each of them are listed in Tables 3. As expected, the > 
4 0 
Table 3. UV-Vis and F1 spectra of copolymers 49-52 in T H F 
Sample ~ A b s m a x ( n m ) F ^ a x 
(nm) 
[(/7R)-(+)-[1 2]PCP-PPV]2-CO-[BDMO-PPV] , 447 
[(pSH-)-[12]PCP-PPV]2-co-[BDMO-PPV], 442 5T3 
[(/7RH+)-[12]PCP-PPV],-co-[BDMO-PPV]I 463, 330 (shoulder) 
[0!7SH-)-[ 12]PCP-PPV],-co-[BDMO-PPV], 461, 330 (shoulder) 5 3 F ~ 
[(pK)-{+)-[ 12]PCP-PPV]丨普[BDM0-PPV]2 467，332 ^ 
[(/7S)-(-)-[ 12]PCP-PPV], -CO-[BDMO-PPV]2 4 7 0 , 3 3 2 ^ 
[(pR)-(+)-[ 12]PCP-PPV], -CO-[BDMO-PPV]4 482,333 
[(pSH-H 12]PCP-PPV] 1 -co-[BDMO-PPV]4 482，334 547~" 
[(pRH+)-[14]PCP-PPV]2-co-[BDMO-PPV], 445 m 
[(/?S)-(-)-[ 1 4]PCP-PPV]2-CO-[BDMO-PPV] , 443 520~ 
[(pRH+)-[ 14]PCP-PPV],-co-[BDMO-PPV], 460, 330 (shoulder) 
[(pSy{-)-[\4]PCP-PPV],-c^-[BDMO-PPV], 461, 330 (shoulder) 531 
[(pR)-(+)-[ 14]PCP-PPV1, -CO-[BDMO-PPV]2 471,330 
[(pSH-H14]PCP-PPV]i-a)-[BDM0-PPV]2 476，330 5^5 
14]PCP-PPV] 1 -c^[BDMO-PPV ]4 482,332 I 5 4 Q 
n^§H-)-n4]PCP-PPV]丨-co-[BDiM()-雨IT" 482.334 j 5 5 0 
I I  
incorporation of the dialkoxylated phenylene units into the backbones of the 
copolymers shifted both their absorption and emission maxima 10 longer wavelengths 
as compared with those of the racemic homopolymers measured in the same solvent: 
ABSMAX 415 n m and F1 丨而 480 n m for /Y/C-[12]PCP-PPV (23) and Abs,腿 416 n m and 
Flmax 480 nm for rac-[14]PCP-PPV (22). Table 3 further reveals that in a given 
copolymer system, a larger red-shift in both absorption and emission maxima was 
brought about by a larger proportion of the dialkoxylated phenylene units 
incorporation into the copolymer. This general trend is once again readily explained 
by the increased extent of conjugation caused by a larger number of these units in the 
4 1 
polymer backbone. Minor variations in the Absmax and Flmax for a given copolymer 
(same [n], x, and y) with different sense of chirality (pR and pS) were observed in 
Table 3. These variations probably reflected minor fluctuations in the copolymer 
compositions in them. 
The circular dichroism (CD) of all the enantiopure planar chiral co-PPVs were 
measured. As expected for the systems that contain inherently dissymmetric 
chromophores, these co-PPVs exhibited intense C D spectra in the forms of Cotton 
curves. All the C D spectra of the polymers synthesized can be divided into two 
regions. The first part is the region lower than 300nm that showed a typical bisignate 
3 5 
Cotton effect as a consequence of the exciton coupling interaction^  and the second 
part is the region higher than 300nm that showed a broad positive Cotton effect at 
about 430nm. Systematic comparisons of the circular dichroic behaviors of these 
polymers revealed certain trends in respect of the sense of chirality. the proportion of 
planar chiral units embodied by the polymer backbones, and the rigidity of the 
[n]paracyclophanylene entities. 
When the C D curves of (/)R)-[12]/[14] copolymers and (/)S)-[12]/[14] copolymers 
of the same composition are compared as in Figures 9 and 10, two features stand out. 
First, at wavelengths shorter than 300nm. the (pR)-copolymers exhibited a strong split 
C D curves with the negative Cotton effect at about 210nm and positive Cotton effect 
at about 245nm while the corresponding (pS)-copolymers showed an exactly reversed 
bisignate Cotton effect at the same region. The bisignate Cotton effect shown in both 
copolymers is due to the exciton coupling interaction between the [n]paracyclo-
phanylene units in the polymer backbone and the reversion of this effect is the results 
of different chirality of the two chromophores. The second feature is that, however, at 
4 2 
the longer wavelength region (>300nm), both copolymers (no matter (pR) or (yoS)) 
have a very broad positive signal. It is obvious that the chirality of the 
[n]paracyclophanylene units have no effect on this region. At this point, we do not 
have a satisfactory explanation for this phenomenon. 
The effect of the proportion of [njparacyclophanylene units in a given polymer on 
the strength of optical activity can be readily seen in Figures 11-14. As expected, 
when the percentage of the chiral chromophores increases, the optical activity (AA) in 
the region lower than 300nm of the polymers increases. 
The issue of the strength of the Cotton effect versus the rigidity of the 
[n]paracyclophanylene units is brought to light in Figures 15 and 16. It is apparent 
form these two figures that the C D curves of each copolymer of [12] series resembles 
closely to that of its counterpart in the [14] series. However, there is an increase in the 
magnitudes of the Cotton effect of the maximum/minimum in going from the [14] to 
the [12J series, indicating that the strength of optical activity increases as the degree 
of rigidity of the [njparacyclophanylene unit increases. The broad peak located at 
about 450nm. however, shows the opposite effect and the reason remains unclear to 
us. 
Some preliminary work on the electroluminescent properties of several of the 
non-racemic [n]paracyclophane-based PPVs was conducted by the author in Professor 
S. T. Lee's laboratory at the City University of Hong Kong. The materials were 
readily spin-coated into film which, on voltage application, all emitted intense 
luminescence. Unfortunately, measurements of the degrees of circular polarization of 




. W e are presently seeking collaborators overseas for these 
measurements which hopeftilly will be done in the future. 
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Figure 10. C D curves of )-[14]PCP-PPV]2-co-[BMD〇-PPV]i and 
[(pS)-(-)-[14]PCP-PPV]2-co-[BiVIDO-PPV]i 
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Figure 12. CD curves of [(pRH+)-[14]PCP-PPV]2-co-[BMDO-PPV]i, 
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Figure 15. C D curves of [(pR)-(+)-[12]PCP-PPV]2-co-[BMDO-PPV]i and 
[(PR)-(+)-[14]PCP-PPV]2-CO-[BMDO-PPV]I 
— 
‘ 51 ‘ 
I — 、 
I 
I 
i r r n 
. A A ol … … … … . . . . 丨 . ^ ^ z C X Z — ： 
_ ： I 
-4 1 ！ ！ i I L , 




Figure 16. C D curves of [(pS)-(-)-[12]PCP-PPV]2-co-[BMDO-PPV]i and 
[(>S)-H-[14]PCP-PPV]2-^-[BiVIDO-PPV]i 








In conclusion, we have synthesized a series of non-racemic PPV copolymers 
49-52 having a planar chiral backbone by copolymerization of the appropriate 
enantiopure bisbromomethylated [njparacyclophane with /?-xylylene dibromide 
adorned with solubilizing side chains, using the Gilch procedure. These copolymers 
have high molecular weight with narrow polydispersity. They are soluble in a number 
of organic solvents and are readily spin-coated into thin films for construction of L E D 
device. Under the application of voltage, these materials emit intense 
electroluminescence. Because the emissive component is intrinsically dissymmetric, 
the luminescence is expected to be circularly polarized, an aspect which awaits future 
investigation. The synthetic aspect of this work, on the other hand, has been largely 
accomplished. 
As a dividend of the above investigation, we have completed the synthesis of 
[141[ 14]metaparacyclophane (33). the first [m][n]metaparacyclophane ever known. 
Experimental 
General information 
Melting points were measured on a Reichert Microscope apparatus and are 
reported uncorrected. A Bruker D P X 300 spectrometer was used for 'H N M R (300 
M H z ) and '^C N M R (75 M H z ) spectra. All N M R spectra were measured on solutions 
of the compounds in CDCI3 with tetramethylsilane (TMS) or residual proton in 
deutero- chloroform as internal standard unless otherwise stated. Chemical shifts are 
reported as part per million (ppm) in 6 scales downfield from the T M S signal. 
Coupling constants (J) are reported in hertz. Low resolution mass spectra were 
obtained on a HP5989 spectrometer or a V G ZAB-HS spectrometer. High resolution 
mass spectra (HRMS) were obtained on a Bruker A P E X 47e F T M S spectrometer by 
fast atom bombardment (FAB) technique using 3-nitrobenzyl alcohol (NBA) matrix. 
IR spectra were recorded on a Nicolet 205 or on a Perkin-Elmer 1600 series FT-IR 
spectrometer as film on KBr disc. Gel permeation chromatography (styragel HR4. 
HR3. H R 2 and HRl G P C column: 7.8 x 300 m m in series) was carried out with THF 
as solvent on a Waters HPLC 510 pump equipped with a Waters 486 tunable IJV 
absorbance detector. U V spectra were recorded on a Hitachi U-3300 
spectrophotometer at room temperature using T H F as solvent. Photoluminesence 
spectra were measured on a Hitachi F-4500 fluorescent spectrophotometer at room 
temperature using THF as solvent. Thermogravimetric anal ye were carried out by the 
Hi Res T G A 2950. Optical rotation data were measured on a Perkin-Elmer 
Polarimeter 341 at room temperature using chloroform as solvent. Specific rotations 
[a] are reported in 10"' deg cm" g''. Circular dichroism measurements were carried 
out at room temperature on a JASCO J-720 spectropolarimeter using T H F as solvent. 
Elemental analyses were performed by M E D A C Ltd., Department of Chemistry, 
Brunei University, Uxbridge, United Kingdom. 
All reactions were monitored by thin layer chromatography (TLC) performed on 、 
Merck precoated silica gel 6OF254 plates, and compounds were visualized under 
ultraviolet light or with a spray of ca. 5 % w/v dodecamolybdophosphoric acid in 
ethanol followed by heating. Flash chromatography was carried out on columns of 
Merck Keisel gel 60(230-400 mesh). The optical purity of all chiral building blocks 
used in the present work were greater than 99% as measured by H P L C using a 
Chiralcel O D column (0.43cm I.D.x 25cm length) supplied by Daicel Chemical 
Industries Ltd., USA. Preparative H P L C were performed using a Chiralcel O D 
column (2cm I.D.x 25cm length) supplied by the same company. In both cases the 
detector wavelength was 254 nm. The KOH/AI2O3 reagent used for the Ramberg-
•> I 
Backlund reaction was prepared as described perviously"' . Unless otherwise stated, all 
chemicals were purchased from commercial suppliers and used without further 
purification. Solvents used in UV, C D and optical rotation measurements were 
spectroscopic grade. THF was freshly distilled from sodium/benzophenone ketyl 
under nitrogen. Dichloromethane was distilled from CaH：. D M F from BaO and tri-
methyiamine from solid NaOH. respectively, and each stored over 4 A molecular 
sieves. The KO'Bu used was purified by sublimation at ca. 200"C under reduced 
pressure. 
/'rtc-16,19-Bis(acetoxymethyl)[14]paracyclophane (18). Sodium acetate {8.2g. 
0. lOmol) was added in one lot at room temperature to a solution of 16.19-
bis(chloromethyl)[14]paracyclophane"- (17) (3.69g. lO.Ommol) in H O A c (50ml). The 
reaction mixture was refluxed for 1 day, and then cooled to room temperature. The 
resulting mixture was diluted with water (20ml). extracted with hexane (3x 30ml). 
washed with water (3x 50ml) and brine (50ml), and the hexane solution was dried 
over MgS04. Removal of solvent by rotavaporation afforded a yellow oil which was 
purified by flash chromatography over silica gel (40g) using EtOAc-hexane (1/20, v/v) 
as eluent to give pure 18 (4.05g. 97%) as a colorless oil: Rf= 0.35 [EtOAc-hexane 
(1/10. v/v)I： 'II N M R 6 0.83-1.27 (3 overlapped broad peaks. 20H). 1.54-1.69 (m. 
iii 
4H)，2.09 (s, 6H), 2.49- 2.61 (m, 2H), 2.83-2.94 (m, 2H), 5.06 (d, J=12.2Hz, 2H), 
5.19 (d，J=12.2Hz, 2H), 7.15 (s, 2H); '^C N M R 5 21.06, 24.89, 26.29, 27.12, 27.22, 
28.25, 29.20, 31.00，64.14，131.79, 133.66, 138.61, 170.92; CIMS m/z (%) 416 (M+， 
0.5), 387 (18), 356 (80), 296 (100), 281 (35); Anal. Calcd for C26H40O4： C, 74.96; H, 
9.68. Found: C, 74.92; H, 9.66. 
rffc-16,19-Bis(hydroxymethyl)(14)paracyclophane (19). Potassium hydroxide (6.6g 
of 85% commerical pellets, 0.1 mol in K O H ) was added in one lot at room 
temperature to a solution of rac-16,20-bis(acetoxymethyl)[14]paracyclophane (18) 
(4.16g, lO.Ommol) in methanol (40ml). The reaction mixture was refluxed for 2h, and 
then cooled to room temperature. The solvent was removed by rotavaporation and the 
residue was diluted with water (40ml). The solution was extracted with CH2CI2 (2x 
40ml). washed with water (2x 40ml) and brine (40ml). and the CHiCN solution was 
dried over MgSO—“ Removal of solvent by rotavaporation afforded a white solid 
which was purified by flash chromatography over silica gel (70g) using 
EtOAc-CFhCb-hexane (1/2/10. v/v/v) as eluent to give 19 (3.20g. 96%) as a white 
solid: m p 119-12(rC; R广 0.21 [EtOAc-hexane (1/4. v/v)]: 'H N M R 6 0.82-1.25 (3 
overlapped broad peaks, 20H), 1.50-1.65 (m. 4H). 2.50-2.60 (m. 2H), 2.87-3.00 (m. 
2H), 4.64 (d. .7= 12.4Hz. 2H). 4.80 (d, ,/=12.4Hz. 2H). 7.19 (s. 2H): N M R 6 24.99, 
26.32.27.15.27.26.28.24, 29.27.30.87. 62.92. 129.92, 137.59. 137.89: CIMS m/z (%) 
332 (M+. 1) 307 (28), 289 (12). 154 (100), 137 (45): Anal. Calcd for C22H36O2： C, 
79.47: H. 10.91. Found: C. 79.30; H. 11.24. 
rac-|14)ParacycIophane-16,19-dicarboxaldehycle (20). To a solution of rac-16,19-
bis(hydroxymethyl)[14]paracyclophane (19) (664mg，2.00mmol) in CH2CI2 (20ml) 
was added P C C (1.7g, excess) and 4 A molecular sieve powder (2.0g). Upon stirring 
at room temperature for 2h. the mixture was filtered through a layer of silica gel under 
suction and washed with CH2CI2. Removal of solvent by rotavaporation afforded a 
pale yellow oil which was purified by flash chromatography over silica gel (20g) 
using EtOAc-hexane (1/4, v/v) as eluent to give pure 20 (620mg, 94%) as a colorless 
oil: Rf= 0.86 [EtOAc-hexane (1/4, v/v)]; 'H N M R 5 0.78-1.30 (3 overlapped broad 
peaks, 20H), 1.50-1.58 (m, 4H), 2.60-2.72 (m, 2H), 3.54-3.66 (m, 2H), 7.74 (s, 2H), 
10.40 (s, 2H); 13c N M R 6 24.98, 26.25, 27.05. 27.26, 28.10, 30.31. 30.78, 133.47, 
136.76，142.90, 191.60; CIMS m/z (%) 328 (M+, 100), 310 (25), 297 (39), 197 (22), 
183 (60), 173 (55), 159 (73); H R F A B M S calcd for C22H33O7" (M+H)+ 329.2475. 
found 329.2470. 
/•rtc-Tetraethyl{2,5-[l,4-|14]paracyclophanylbis(methylene)l}bisphosphonate (21). 
A mixture of rue-16.19-bis(chloromethyl)[ 14]paracyclophane^" (17) (923mg. 
2.50mmol) and triethyl phosphite (10ml. excess) was heated to 150^ 'C for 24h. 
Unreacted triethyl phosphite was removed under reduced pressure to leave a residue 
of yellow oil which was purified by flash chromatograph\- over silica gel (20g) using 
EtOAc-CH2Cl2-hexane (1/3/10. \l\l\) as eluent to afford pure 21 (610mg. 43%) as a 
viscous colorless oil: /?/=0.46 [EtOAc-CFhCb-MeOH (4/8/1. \7v/v)]： 'H N M R 6 
0.80-1.30 (3 overlapped broad peaks. 32H), 1.45-1.65 (m. 4H). 2.45-2.58 (in, 2H), 
2.85-2.98 (m. 2H). 3.03 (dd. ./=21.1Hz. 15.1 Hz’ 2H). 3.30 (dd, .7=20.1, 15.0Hz. 2H), 
3.83-4.00 (m, 8H), 7.07 (s. 2H): "C N M R 5 16.34, 24.98. 26.34. 27.17. 27.35. 28.28. 
29.16. 30.24, 31.36, 62.34. 127.83. 132.80, 138.31; F A B M S m/z {%) 573 (M+H十. 
100). 438 (60), 423 (70); H R F A B M S calcd for C34H55O6P2- (M+H)+ 573.3466. found 
573.3485. 
Bimolecular polymerization of clialdehyde 20 and diphosphonate 21. To a rapidly 
stirred solution of rac-\ 14|paracyclophane-16.19-dicarbo\aldchydc (20) (131 mg. 
0.40mmol) and rac-tetraethyl {2 ,S-[ 1,4-[ 14 ]paracyclophanylbis(methylene)] } bisphos-
phonate (21) (228mg, 0.40mmol) in THF/DMF (6ml, 111 , v/v) under nitrogen was 
added potassium tert-butoxide (O.4g, excess) in one portion. The reaction mixture was 
stirred for 24h, and then quenched by acidification with 1 N aqueous HCl (1 Oml) . The 
yellow solid suspended in HCl was extracted into chloroform (1 Oml) and the 
chloroform solution was successively washed with 1 N aqueous HCl (lOml) and water 
(2x 10ml). The polymer solution was concentrated to about 2 ml and poured into 
methanol (20ml) to precipitate out the polymer. The product was filtered , redissolved 
into chlorofrom (2ml) and re-precipitated by pouring into methanol (20ml) . In this 
manner, a fluorescent green solid was obtained (71.0mg, 300/0). IH ~MR (broad peaks) 
8 0.80-1.89, 2.S7. 3.13. 7.23 , 7.36, 10.29. This material was found to have a 
molecular weight of about only 2400 Daltons by GPC . 
rac- Poly( 1l41-2,5-paracyclo-1 ,-t-phany lene-(£)-vinylene) (22). To a rapidl y stirred 
solution of roc-16.19-bis(chloromethyl)[14 ]paracyclophane (17) (369mg. 1.00mmal) 
in THF (33.3ml) under nitrogen was added potassium ler/ -cutoxide (1.12g. 10.0mmol ) 
in one portion. The reaction mixture was stirred for 24h. and then quenched by 
acidification with 1 N aqueous HCl (40ml). The jelly-liked yellow product suspended 
in HCI vv-as extracted into chloroform (50ml) and the chloroform solution was 
successively w'ashed with 1 N aqueous HCI (40ml ) and water (2x 40ml). The polymer 
solution was concentrated to about 20m! and poured into methanol (200ml) to 
precipitate out the polymer. The product was filtered. redissolved into chlorofrom 
(20n1l) and re-precipitated by pouring into methanol (200ml). In this manner. a 
fluorescent green solid (l52mg. 560/0) was obtained. I H NMR (broad peaks) 8 
0.72-1.92. 2.S9. 3.18. 7.23. 7.40: IR (KBr disc. cm-I ) 2922. 2856.1 498.1450.960; 
GPC datQ (polystyrene stQndards): 1\ "1= 9 . 1~ x I() ~ . 1,, = 11 .65 X 105, ro= 1.28: TG '\ 
showed decomposition at 433''C; Anal. Calcd for [C22H32]n: C, 89.12; H, 10.88. 
Found: C，86.17; H, 10.72. 
/•flc-Poly([12]-2,5-paracyclo-l,4-phanylene-(£)-vinylene) (23). To a rapidly stirred 
solution of rac-14,17-bis(chloromethyl)[12]paracyclophane''" (16) (341mg, l.OOmmol) 
in T H F (33.3ml) under nitrogen was added potassium /erz-butoxide (1.12g, lO.Ommol) 
in one portion. The reaction mixture was stirred for 24h. and then quenched by 
acidification with IN aqueous HCl (40ml). The jelly-liked yellow product suspended 
in HCl was extracted into chloroform (50ml) and the chloroform solution was 
successively washed with IN aqueous HCl (40ml) and water (2x 40ml). The polymer 
solution was concentrated to about 20ml and poured into methanol (200ml) to 
precipitate out the polymer. The solid was filtered, redissolved into chlorofrom (20ml) 
and re-precipitated by pouring into methanol (200ml). In this manner, a fluorescent 
green solid was obtained (13 1 mg. 50%). 'H N M R (broad peaks) 6 0.71-1.95. 2.58. 
3.27. 7.29. 7.44: IR (KBr disc, cm"') 2927. 2853. 14%. 1457. 961： G P C data 
(polystyrene standards): Mn= 8.50 x 10'. M、、二 11.30 x 10". PD= 1.32: T G A showed 
decomposition at 436()C: Anal. Calcd. for [CSoI-hsln： C. 89.55: H. 10.45. Found C, 
86.98: H. 10.44. 
Mixture of 16,19-bis(chloromethyI)[141paracyclophane (17) and 16,20-bis(chloro-
methyl)【14jpanicydophane (24). To a solution of [14]paracyc!ophane (l.OOg. 
3.68mmol) and chloromethyl methyl ether (12ml, excess) in carbon disulfide (15ml) 
was added SnCU (6ml, excess) dropwise over 15 minutes under nitrogen. After 
stirring for 4h at 〜SO^C (oil-bath temperature), the reaction mixture was poured into 
ice-water (50ml). The aqueous mixture was further stirred for Ih to allow complete 
hydrolysis of excess SnCU and was thereafter extracted w ith CI hCN (3x 50ml). The 
>1) 
combined extract was washed with water (3x 30ml) and brine (30ml), and dried over 
MgS04. Removal of solvent by rotavaporation afforded a yellow oil which was 
purified by flash chromatography over silica gel (30g) using hexane as eluent to give 
a mixture of compounds 17 and 24 (570mg, 42%) as a white solid: m p 55-59^C; Rf= 
0.39 (hexane). Both the 'H N M R and '^ C N M R spectra of this mixture was the 
superimpostion of those of 17 and 24 which were subsequently unravelled as follows: 
'H N M R for 17 0.85-1.30 (3 overlapped broad peaks, 20H). 1.59-1.71 (m, 4H), 
2.52-2.62 (m, 2H), 2.95-3.05 (m’ 2H), 4.55 (d, ./=U .3Hz, 2H), 4.69 (d, J=ll.3Hz, 2H), 
7.16 (s, 2H); 'H N M R for 24 0.85-1.30 (3 overlapped broad peaks, 20H), 1.58-1.70 
(m, 4H), 2.64 (t, J=6.2Hz, 2H), 2.94 (t, J=6.1 Hz, 2H). 4.56 (d, J=\ 1.4Hz’ 2H). 4.77 (d, 
./= 11.4Hz, 2H), 7.17 (s, 2H); '^ C N M R for 17 24.95. 26.32. 27.09. 27.22, 28.25, 29.01. 
30.98. 43.87, 132.44. 135.73, 138.61; N M R for 24 25.02. 25.17, 25.39. 26.32, 
26.58. 26.90. 26.99. 27.32. 27.62. 28.40. 29.37. 29.44. 29.67. 34.40. 44.90. 131.91. 
136.74. 140.73. Compound 24 was a key starting material for our synthesis of 
[14|[ 14Jmetaparacyclophane. The isolation of 24 as a pure compound and its full 
characterization is described in a subsequent entry. 
16,20-Bis(acetoxymethyI)[141paracyclophane (26). Sodium acetate (2.05g. 
25.0mmol) was added in one lot at room temperature to a solution of the mixture of 
16.19-bis(chloromethyl)[ 14]paracyclophane (17) and 16.20-bis(chloromethyl)[14]-
paracyclophane (24) {923mg. 2.50mmol) in H O A c (30ml). Having been heated under 
reflux for 1 day, the reaction mixture was cooled to room temperature and water 
(20ml) was added. The aqueous mixture was extracted with hexane (3x 30ml) and the 
combined extract was washed with water (3x 50ml) and brine (50ml), and dried over 
MgS04. Removal of solvent by rotavaporation afforded a yellow oil which was 
purified by flash chromatographx' o\er silica gel (3()g) using EiOAc-hcxane (1 /20- v/\ ) 
as eluent to give pure 26 (lOOmg, 10%) as a colorless oil: R/= 0.38 [EtOAc-hexane 
(1/10, v/v)]; N M R 6 0.85-1.15 (2 overlapped broad peaks, 12H), 1.15-1.30 (br, 
8H), 1.45-1.70 (m, 4H), 2.09 (s, 6H), 2.64 (t, 7=6.1 Hz, 2H), 2.82 (t, J=6.2Hz, 2H), 
5.06 (d. J=12.3Hz, 2H), 5.25 (d, J=12.3Hz, 2H), 7.15 (s. 2H); '^C N M R 5 21.25, 
24.90, 25.22, 26.30, 26.52, 26.98，27.30. 27.59, 27.69, 28.36，28.40, 29.47, 29.63, 
34.55, 64.80, 131.07. 134.54, 137.27. 140.15. 171.13: F A B M S w/z (%) 417 (M+H', 1) 
373 (21), 297 (100)，145 (41), 119 (33)，55 (30); Anal. Calcd for C22H36O2： C, 74.96; 
H, 9.68. Found: C, 74.85; H, 9.63. 
16,20-Bis(hydroxymethyl)[14]paracyclophane (28). Potassium hydroxide (0.13g of 
the commerical 85% pellet, excess) was added in one lot at room temperature to a 
solution of 16.20-bis(acetoxymethyl)[ 14]paracyclophane (26) (83.0mg. 0.20mmol) in 
methanol (10ml). The reaction mixture was re fluxed for 2h. and then cooled to room 
temperature. The solvent was removed by rotavaporation and the residue was diluted 
with water (10ml). The aqueous mixture was extracted with Cf-^Cl： (2x lOml) and the 
combined extract was washed with water (2x 10ml) and brine (10ml). and dried over 
MgS04. Removal of solvent by rotavaporation afforded a white solid which was 
purified by flash chromatography over silica gel (lOg) using EtOAc-CH^Ch-hexane 
(1/2/10. v/v/v) as eluent to give 28 (64.0mg. 96%) as a white solid: m p 114-115"C; Rf 
=0.38 [EtOAc- hexane (1/2, v/v)]: 'H N M R 5 0.82-1.15 (2 overlapped broad peaks, 
12H). 1.15-1.30 (br. 8H)’ 1.50-1.71 (br, 4H), 2.66 (t. ,/=6.1 Hz, 2H). 2.85 (t. ,/=6.2Hz. 
2H), 4.62 (d. J=12.5Hz. 2H), 4.85 (d, ,/=12.5Hz, 2H). 7.18 (s. 2H): '^C N M R 5 25.04, 
25.30. 26.33, 26.51, 26.57, 27.05. 27.33’ 27.63, 27.70. 28.36. 28.42, 29.56, 29.83, 
34.71. 63.60, 128.58, 135.19, 139.49, 140.29; CIMS m/z (%) 332 ( M ^ 6), 295 (55). 
156 (100). 105 (84). 91 (90). 55 (95); Anal. Calcd for C-H.^A： C. 79.47; H. 10.91; 
Found: C. 79.52: M. 11.03. 
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16,20-Bis(chloromethyl)[14]paracyclophane (24). To a solution of 16,20-
bis(hydroxymethyl)[14]paracyclophane (28) (50.0mg, O.llmmol) in CH2CI2 (5ml) 
was added SOCb (0.3ml, excess). After stirring for 12h at room temperature, the 
solvent and excess SOCb were removed under reduced pressure. The residue was 
diluted with water (5ml) and extracted with CH2CI2 (2x 10ml). The combined extract 
was washed with water (2x 10ml) and brine (10ml). and dried over anhydrous MgSOj. 
Removal of solvent by rotavaporation afforded a yellow oil which was purified by 
flash chromatography over silica gel (lOg) using hexane as eluent to give 24 (34.0mg, 
85%) as a white solid: m p 54-55.S'^C; CIMS m/z{%) 370 (M+2+’ 5), 368 (M+’ 8), 199 
(48)，128 (60), 55 (100); Anal. Calcd for C22H34CI2： C, 71.53; H, 9.28. Found: C, 
71.73; H, 9.41. 
16,20-Bis{bromomethyl)|14jparacycIophane (29). To a solution of 16.20-
bis(h\droxymeth\i)[14]paracyclophane (28) (50.0mg. O.llmmol) in a dry mixed 
solvent of benzene (10ml). acetonitrite (5ml) and pyridine (0.1 nil) at 0。C was added 
phosphorus tribromide (0.1 ml. excess). Upon stirring at 0。C for Ih and then room 
temperature for 3h. the reaction mixture was quenched by water (20ml). The resulting 
mixture was extracted with CFbCl： (2x 20ml) and the combined extract was washed 
with brine (10ml) and dried over MgSO;. Removal of solvent by rotavaporation 
afforded a yellow oil which was purified by flash chromatography over silica gel (lOg) 
using hexane as eluent to give 29 (60.0mg. 87%) as a white solid: m p 65-66T; R r 
0.47 (hexane); 'H N M R 5 0.82-1.29 (3 overlapped broad peaks. 20H), 1.51-1.72 (m. 
4H). 2.62 (t, ./=6.1Hz, 2H), 2.94 (t. J=6.2Hz. 2H), 4.48 (d. ./=10.2Hz. 2H), 4.67 (d， 
片0.2Hz, 2H), 7.14 (s, 2H); N M R 6 25.15. 26.38, 26.64. 26.92, 27.26, 27.37. 
27.63. 28.40, 28.47. 29.03. 29.37. 31.24, 32.59. 34.39. 132.32. 136.86, 137.06. 140.79: 
C I M S m : ( % ) 4 6 0 (M+4\ 0 . 3 ) . 4 5 8 ( M + r . 0 . 6 ). 4 5 6 ( i v r . 0 . 3 ) . 3 7 7 (()). 3 7 5 ( 9 ) . 2 % 
(100). 145 (64) ； Anal. Calcd for C22H34Br2： C, 57.65; H, 7.48. Found: C, 57.82; H, 
7.56. 
2,15-Dithia[16][14]metaparacyclophane (30). To a solution of cesium carbonate 
(153mg, 0.47mmol) in ethanol (10ml) under nitrogen was added a solution of 16,20-
bis(bromomethy 1)[ 14]paracyclophane (29) (86.0mg, 0.19mmol) and 1,12-
dodecanedithiol (44.0mg, 0.19mmol) in dry benzene (10ml) dropwise through a 
dropping funnel over 4h. Upon completion of addition of reactants, the reaction 
mixture was further stirred for 2h and the solvent was removed by rotavaporation. The 
residue was diluted with water (10ml), extracted with CH2CI2 (2x 10ml) and the 
combined extract was washed with brine (10ml) and dried over MgSO;. Removal of 
solvent by rotavaporation afforded a yellow oil which was purified by flash 
chromatography over silica gel (lOg) using hexane as eluent to give 30 (82.5mg. 82%) 
as a colorless oil: /?/=0.16 (hexane): 'F1 N M R 6 0.80-1.65 (4 overlapped broad peaks. 
44H). 2.30-2.42 (m，4H). 2.59 (t. ./=6.0Hz. 2H). 2.93 (t. ./=6.0Hz. 2H). 3.55 (d. 
.7=13.1 Hz. 2H). 3.96 (d. ./=13.1Hz. 2H). 7.00 (s. 2H): 'T N M R 6 25.24. 25.33. 26.34. 
26.54, 27.01, 27.11. 27.18. 27.36. 27.62. 27.72. 27.78. 27.93. 28.31. 28.44. 29.11. 
31.23. 34.50. 34.57. 129.97. 136.40. 136.97. 139.34: CIMS nvz (%) 530 (M丄.3), 327 
(100) 297 (22). 143 (58). 119 (41): Anal. Calcd. for C34H58S2： C, 76.91; H. 11.01. 
Found: C. 77.09; H, 11.11. 
2,2,15,15-Tetraoxo-2,15-dithia|16jI14|metaparacyclophane (31). A solution of 
2.15-dithia-[ 16][ 14]metaparacyclophane (30) (92.0mg，0.17mmol) and 30% hydrogen 
peroxide (0.5ml, excess) in acetic acid (10ml) was stirred at for 2h. Upon removal 
of solvent by rotavaporation. the white solid residue was dissolved in CH2CI2 (10ml) 
and the CI hCh solution was washed with brine (lOml) and dried over MgSO]. 
r、 
Removal of solvent by rotavaporation afforded a white solid which was purified by 
flash chromatography over silica gel (lOg) using EtOAc-hexane (1/2, v/v) as eluent to 
afford pure 31 (lOOmg，97%) as a white solid: m p 272-273°C; Rj = 0.38 
[EtOAc-hexane (1/2, v/v)]; 'H N M R (d^-acetone) 5 0.80-1.45 (4 overlapped broad 
peaks，40H), 1.45-1.80 (m, 8H), 2.68 (t, J=6.1Hz, 2H), 3.14 (t, J=6.0Hz’ 2H), 4.28 (d, 
./=14.2Hz，2H), 4.74 (d, ’/=14.2Hz. 2H), 7.35 (s, 2H): N M R 5 20.54. 25.04. 25.43. 
26.33，26.46, 27.01, 27.15, 27.27. 27.46, 28.10, 28.23. 28.33. 29.41, 29.80. 29.99, 
34.48, 50.86, 58.34, 127.99, 133.32, 139.07, 141.05 ； F A R M S m/z (%) 595 (M+H+, 
39) 297 (100), 149 (53), 91 (35); Anal. Calcd for C34H58S2O4： C, 68.64; H, 9.83. 
Found: C, 68.69; H, 9.95. 
【141【14|Metaparacyclophane (33). To a rapidly stirred slurry of IS.lS.lS-tetraoxo-
a.l 5-dithia[ 16][14]metaparacyclophane (31) (30.0mg. O.OSmmol) and KOH/AI2O3 
(Ig- excess) in CH:Cl2-'BuOH (5ml. 1/1. v/v) was added CBi^F： (5ml) in one portion. 
IJpon stirring at room temperature for 2h. the reaction mixture was filtered through a 
layer of silica gel under suction, with washing with CThCl: Removal of solvent by 
rotavaporation afforded a colorless oil which was purified by flash chromatography 
over silica gel (5g) using hexane as eluent to give the intermediate, configuration 
undefined [ 16][ 14]metaparacyclophane-1.13-diene (32) as a colorless oil. The diene 
was dissolved in EtOAc (10ml) and hydrogenated in the presence of 5 % Pd/C under a 
ballon of hydrogen at room temperature for 1 day. The resulting mixture was filtered 
through a layer of silica gel under suction to remove the Pd/C, with washing with 
EtOAc. Removal of solvent by rotavaporation afforded a colorless oil which was 
purified by flash chromatography over silica gel (5g) using hexane as eluent to give 
pure 33 (lO.Omg. 28%) as a colorless oil: R/=0.9j (hexane): 'H N M R 5 0.83-1.35 (4 
overlapped broad peaks. 4011). 1.35-1.57 (2 overlapped broad peaks. 811). 2.43-2.51 
(vl 
(m，2H), 2.56 (t, J=6.1Hz, 2H), 2.77 (t, </=6.0Hz, 2H), 2.81-2.90 (m, 2H), 6.72 (s, 2H); 
'^C N M R 6 14.28, 22.85, 26.38, 26.47, 26.57, 26.88, 27.36，27.43, 27.71，27.80, 28.01, 
28.16, 28.25, 28.46, 28.57, 29.86, 30.29, 31.78, 32.80, 127.89，135.64, 138.43, 140.65; 
SIMS m/z 466.6 (M+); H R F A B M S calcd for C34H58+ M + 466.4533，found, 466.4569. 
(/7R)-(-)-14,17-Bis(acetoxymethyl)[12]paracycIophaiie, (pS)-(+)-14,17-bis(acetoxy-
inethyl)[12]paracydophane, (/7R)-(+)l6,19-bis(acetoxymethyl){14]paracyclo-
phane. (pS)-(+)16,19-bis(acetoxymethyI)[14]paracyclophane. The resolution of 
these enantiopure compounds was carried out by H P L C on a preparative Chiralcel O D 
column as described previously by Wei二. . 
(/7R)-(-)-14,17-Bis(hydroxyinethyI)[12]paracyclophane (34). A solution of (/?R)-(-)-
14,17-bis(acetoxymethyl)[ 121paracyclophane (1.94g. S.Ommol) in methanol (30ml) 
containing dissolved K O H (3g. excess) was refluxed for 2h. After removal of solvent 
by rotavaporation. the residue was diluted with water (20ml) and extracted with 
CH2CI2 (2x 30ml). The combined extract was washed with water (2x 30ml) and brine 
(30ml). and dried over MgSO]. Removal of solvent by rotavaporation afforded a 
white solid which was purified by flash chromatography over silica gel (40g) using 
ElOAc-CH2Cl2-hexane (1/2/10, v/v/v) as eluent to give 34 (1.46g. 96%) as a colorless 
solid: m p 96-97。C; Rj 二 0.38 [EtOAc-hexane (1/2. v/v)]: [a]-'o -31.9 (c= 1.22. 
CHCI3): 'H N M R 6 0.70-1.15 (3 overlapped broad peaks. 16H), 1.40-1.70 (m, 4H). 
2.48-2.60 (m, 2H). 2.87-3.00 (m. 2H), 4.64 (d, ./=12.4Hz. 2H). 4.81 (d. y=12.4Hz. 
2H). 7.19 (s. 2H); N M R 6 25.09. 26.29, 27.19. 27.29，29.20, 31.23. 62.70. 130.00, 
137.77, 138.13; CIMS m/z (%) 304 {M\ 70), 286 (100), 269 (58). 257 (40); Anal. 
Calcd for C^oPb^O:: C. 78.90; H. 10.59. Found: C, 78.71; H. 10.68. 
(pR)-(.)-16,19-Bis(hydroxymethyl)[14]paracyclophane (35). A solution of (pR)-(-)-
16,19-bis(acetoxymethyl)[14]paracyclophane (2.08g, S.Ommol) in methanol (30ml) 
containing dissolved K O H (3g, excess) was refluxed for 2h. After removal of solvent 
by rotavaporation, the residue was diluted with water (20ml) and extracted with 
CH2CI2 (2x 30ml). The combined extract was washed with water (2x 30ml) and brine 
(30ml), and dried over MgSOj. Removal of solvent by rotavaporation afforded a 
white solid which was purified by flash chromatography over silica gel (40g) using 
EtOAc-CH2Cl2-hexane (1/2/10, v/v/v) as eluent to give 35 (l.58g, 95%) as a colorless 
solid: m p 119-120。C; Rf= 0.38 [EtOAc-hexane (1/2, v/v)]; [a^D -43.2 (c= 0.36, 
CHCI3); 'H N M R 6 0.84-1.25 (3 overlapped broad peaks. 20H), 1.51-1.65 (m, 4H), 
2.51-2.62 (m, 2H), 2.87- 3.00 (m. 2H), 4.64 (d, J=12.4Hz. 2H), 4.80 (d, J=12.4Hz, 
2H). 7.19 (s, 2H): 13c N M R 6 24.93. 26.27, 27.11, 27.23. 28.22. 29.24, 30.84. 62.84, 
129.84. 137.51. 137.83; CIMS nv'z (%) 332 {M\ 1). 307 (28). 289 (12). 154 (100). 
137 (45): Anal. Ca)cci for C^I^M^OZ- C. 79.47: H. 10.91： Found: C. 79.24: H. 11.12. 
(/7S)-(+)-14,17-Bis(hydroxymethyl)[121paracyclophane (36). A solution of (pS)-
(+)-14.17-bis(acetoxymethyl)[ 12]paracyclophane (1.94g. S.Ommol) in methanol 
(30ml) containing dissolved K O H (3g. excess) was refluxed for 2h. After removal of 
solvent by rotavaporation. the residue was diluted with water (20ml) and extracted 
with CH2CI2 (2x 30ml). The combined extract was washed with water (2x 30ml) and 
brine (30ml), and dried over MgSOj. Removal of solvent by rotavaporation afforded a 
white solid which was purified by flash chromatography over silica gel (40g) using 
EtOAc-CH2Cl2-hexane (1/2/10. v/v/v) as eluent to give 36 (1.45g, 95%) as a colorless 
solid: m p 96-97。C; Rf= 0.38 [EtOAc-hexane (1/2. v/v)]: [aj-'o +30.3 (c= 0.76’ 
CHCI3)： 'H N M R 6 0.71-1.15 (3 overlapped broad peaks. 16H), 1.40-1.57 (m. 4H). 
2.49-2.61 (m. 211). 2.86-3.01 (m. 211). 4.64 (d. .7=12.411/.. 211). 4.80 (d. ./-12.411/.. 
2H), 7.19 (s, 2H); 13c N M R 5 25.09, 26.29, 27.19, 27.29, 29.20,31.23, 62.70, 130.00, 
137.77, 138.13; CIMS m/z (%) 304 (M+，90), 286 (100), 269 (66), 257 (50); Anal. 
Calcd for C20H32O2： C，78.90 ； H, 10.59; Found: C, 78.94; H, 10.57. 
(/7S)-(+)-16,19-Bis(hydroxymethyI)[14]paracyclophane (37). A solution of (pS)-
(+)-16,19-bis(acetoxymethyl)[ 14]paracyclophane (2.08g. S.Ommol) in methanol 
(30ml) containing dissolved K O H (3g, excess) was retluxed for 2h. After removal of 
solvent by rotavaporation, the residue was diluted with water (20ml) and extracted 
with CH2CI2 (2x 30ml). The combined extract was washed with water (2x 30ml) and 
brine (30ml), and dried over MgSO;. Removal of solvent by rotavaporation afforded a 
white solid which was purified by flash chromatography over silica gel (40g) using 
EtOAc-CH2Cl2-hexane (1/2/10. v/v/v) as eluent to give 37 (1.61 g, 97%) as a colorless 
solid: m p 119-120。C; R, = 0.38 [EtOAc-hexane (1/2. v/v)]: [a]"',) +42.7 (c= 0.87. 
CHCI3)： 'H N M R 6 0.84-1.25 (3 overlapped broad peaks. 20H), 1.51-1.65 (m. 4H). 
2.51-2.61 (iTL 2H). 2.87- 3.01 (in. 2H). 4.64 (d. ,/=12.4Hz. 2H). 4.80 (d. ./=12.4Hz. 
2H). 7.19 (s. 2H): N M R 6 24.99. 26.32. 27.15. 27.26. 28.24. 29.27. 30.87. 62.92. 
129.92, 137.59, 137.89: CIMS m/z (%) 332 {WW 1). 307 (31). 289 (14). 154 (100). 
137 (64): Anal. Calcd for C22H36O2： C. 79.47: H. 10.91: Found: C. 79.30: H’ 11.24. 
(/7R)-(+)-14,17-Bis(bromomethyl)|12jparacyclophane (38). A solution of (/?R)-(-)-
14.17-bis(hydroxymethyl)[ 12]paracyclophane (34) (1.50g. 4.9mmol) in a dry mixed 
solvent of benzene (50ml). acetonitrite (25ml) and pyridine (0.5ml) at was added 
phosphorus tribromide (4.5ml, excess). Upon stirring at for Ih and then room 
temperature for 3h, the reaction mixture was poured into ice-water (50ml). The 
resulting mixture was extracted with CFbCl： (2x 50ml) and the combined extract was 
washed with brine (5()ml) and dried over MgSOj. Removal of solvent bv 
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rotavaporation afforded a pale yellow oil which was purified by flash chromatography 
over silica gel (40g) using hexane as eluent to give 38 (1.89g, 89%) as a white solid: 
m p 46-47。C; Rf= 0.47 (hexane); [af d +34.3 (c二 1.25’ CHCb); 'H N M R 6 0.75-1.16 
(3 overlapped broad peaks, 16H). 1.60-1.69 (m, 4H), 2.49-2.56 (m, 2H), 2.93-3.00 (m, 
2H), 4.47 (d, J二 10.1 Hz, 2H), 4.61 (d，J= 10.1 Hz, 2H)，7.16 (s, 2H); '^C N M R 6 25.51, 
26.60, 27.39, 27.63. 28.87. 31.37. 31.59. 133.25, 135.97. 139.53: SIMS m/z 430.1 
(M+); Anal. Calcd for C2()H3oBr2: C, 55.83; H, 7.03. Found: C, 55.81: H, 7.01. 
(/7RH+)-16,19-Bis(bromomethyl)[14]paracycIophane (39). A solution of (pR)-(-)-
16,19-bis(hydroxymethyl)[ 14]paracyclophane (35) (1.50g. 4.5mmol) in a dry mixed 
solvent of benzene (50ml), acetonitrite (25ml) and pyridine (0.5ml) at 0。C was added 
phosphorus tribromide (4.5ml, excess). Upon stirring at for Ih and then room 
temperature for 3h. the reaction mixture was poured into ice-water (50ml). The 
resulting mixture was extracted with CH2CI2 (2x 50ml) and the combined extract was 
washed with brine (50ml) and dried over MgS04. Removal of solvent by 
rotavaporation afforded a pale yellow oil which was purified by flash chromatography 
over silica gel (40g) using hexane as eluent to give 39 (1.90g. 92%) as a white solid: 
m p 6 8 - 6 9 T ; 0 . 4 7 (hexane); [a]"',) +49.2 (c二 1.25. CHCb): 'H N M R 6 0.88-1.29 
(3 overlapped broad peaks, 20H). 1.59-1.72 (m. 4H). 2.52-2.57 (m. 2H). 2.93-3.00 (m, 
2H). 4.46 (d, J二lO.lHz, 2H). 4.59 (d. ./=10.1Hz. 2H), 7.14 (s. 2H): '-'C N M R 6 25.20, 
26.57. 27.28. 27.42. 28.45, 28,92. 31.24,31.53. 133.03. 136.17. 138.85: CIMS m/: (%) 
460 (M+4+, 3). 458 (M+2+, 6). 456 ( M : 3), 375 (18). 377 (18). 296 (100), 144 (37): 
Anal. Calcd for CssHjjBr�：C, 57.65; H. 7.48. Found: C. 57.72: H. 7.51. 
(/7S)-(-)-14,17-Bis(bromomethyI)(121paracyclophane (40). A solution of (pS)-(+)-
14.1 7-bis(hyclroxymethyDI 1 2|parac\'clophane (36) (1.50g. 4.9mmo 1) in a dry mixed 
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solvent of benzene (50ml), acetonitrite (25ml) and pyridine (0.5ml) at 0。C was added 
phosphorus tribromide (4.5ml, excess). Upon stirring at 0°C for Ih and then room 
temperature for 3h, the reaction mixture was poured into ice-water (50ml). The 
resulting mixture was extracted with CH2CI2 (2x 50ml) and the combined extract was 
washed with brine (50ml) and dried over MgSO;. Removal of solvent by 
rotavaporation afforded a yellow oil which was purified by flash chromatography 
over silica gel (40g) using hexane as eluent to give 40 (1.91 g, 90%) as a white solid: 
m p 46-47"C; Rf= 0.47 (hexane); [af D -34.1 (c= 1.20, CHCI3); 'H N M R b 0.77-1.18 
(3 overlapped broad peaks, 16H), 1.58-1.69 (m, 4H), 2.50-2.57 (m, 2H), 2.93-3.00 (m, 
2H)’ 4.47 (d，J二lO.lHz, 2H), 4.61 (d, J=10.1Hz, 2H), 7.16 (s. 2H);.'T N M R 5 25.51, 
26.60, 27.39, 27.63, 28.87, 31.37，31.59, 133.25. 135.97. 139.53; SIMS m/z 430.1 
(Mf: Anal. Calcd for C^oH^oBr?: C. 55.83; H, 7.03. Found: C. 55.85: H. 6.93. 
(/7S)-(-)-16,19-Bis(bromomethyI)(141paracyclophane (41). A solution of (/?S)-(-)-
16.19-bis(hydroxymethyl)[ 14Jparacyclophane (37) (1.50g. 4.5mmol) in a dry mixed 
solvent of benzene (50ml). acetonitrite (25ml) and pyridine (0.5ml) at 0"C was added 
phosphorus tribromide (4.5ml. excess). Upon stirring at for Ih and then room 
temperature for 3h. the reaction mixture was poured into ice-water (50ml). The 
resulting mixture was extracted with CH2CI2 (2x 50ml) and the combined extract was 
washed with brine (50ml) and dried over MgSOj. Removal of solvent by 
rotavaporation afforded a yellow oil which was purified by flash chromatography 
over silica gel (40g) using hexane as eluent to give 41 (1.91g. 93%) as a white solid: 
m p 68-69"C; Rf= 0.47 (hexane): [a]」D -49.7 (c= 1.25. CHCI3); 'H N M R 6 0.88-1.29 
(3 overlapped broad peaks, 20H). 1.59-1.72 (m, 4H). 2.52-2.57 (m, 2H), 2.96-3.00 (m, 
2H). 4.46 (d. J=10.1Hz. 2H). 4.59 (d. J=10.1Hz. 2H). 7.14 (s, 2H): '-'C N M R 6 25.21. 
26.58. 27.28. 27.42. 28.44. 28.92. 31.24. 31.51. 133.03. 136.16. 138.85: SIMS ;;; 
458.1 (M)+; Anal. Calcd for C22H34Br2： C, 57.65; H, 7.48. Found: C, 57.57; H, 7.46. 
l,4-Bis(3,7-dimethyloctyIoxy)benzene (47). To a solution of 1 -bromo-3,7-dimethyl-
octane (7.00g, 31.7mmol) and hydroquinone (1.59g, 14.4mmol) in acetone (150ml) 
was added tetrabutylammonium bromide (1 g, excess) and potassium carbonate (20g, 
excess). The mixture was re fluxed for 4h under nitrogen, and then cooled to room 
temperature. The solid residue was filtered off and washed with acetone. Removal of 
solvent from the filtrate by rotavaporation left a residue which was diluted with water 
(50ml) and extracted with CH2CI2 (2x 50ml). The combined extract was washed with 
brine (50ml) and dried over MgSOj. Removal of solvent by rotavaporation afforded a 
yellow oil which was purified by flash chromatography over silica gel (60g) using 
EtOAc-hexane (1/30. v/v) as eluent to give 47 (970mg, 82%) as a colorless oil: Rf 
二0.32 (EtOAc-hexane, 1/30. v/v)： 'H N M R 5 0.85-0.94 (m. 18H). 1.14-1.34 (m. 12H). 
1.53-1.60 (m. 6H). 1.78- 1.81 (in. 2H). 3.91-3.96 (m. 4H). 6.82 (s. 4H): '"'c N M R 6 
19.81. 22.76. 22.86. 24.81. 28.11. 29.98. 36.50. 37.46. 39.40. 67 01.丨 15.48.丨 53.32: 
CIMS m/z (%) 390 (NT. 28). 250 (6). 110 (67). 57 (100): Anal. Calcd for C.,H4602： C. 
79.94： H. 11.87. Found: C. 79.64: H. 11.83. 
a,a'-Dibroino-2,5-bis(3,7-dimethyloctyIoxy)-y:7-xylene (48). To a solution of 1,4-
bis-(3.7-dimethyloctyloxy)benzene (47) (780mg. 2.00mmol) in acetic acid (5ml) were 
added paraformaldehyde (0.6g. 0.02mol) and 35% HBr in acetic acid (5ml). The 
reaction mixture was stirred for 4h and the white solid formed was dissolved by 
adding CH2CI2 (10ml) and the resulting homogenous solution was washed with water 
(2x 10ml) and brine (10ml). and dried over MgSOj. Removal of solvent by 
rotavaporation afforded a yellow solid. Re-crystallization of this solid form hexane 
ga\e pure 48 (1 .Og. 87%) as a while solid: m p 61-62''C: 'll N M R 6 0.86-0.96 (m. 
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18H)，1.15-1.36 (m, 12H), 1.51-1.61 (m, 4H), 1.61-1.87 (m, 4H), 3.99-4.04 (m, 4H), 
4.52 (s，4H), 6.86 (s, 2H); '^C N M R 5 19.88, 22.77，22.87, 24.85, 28.14, 28.90, 29.97, 
36.46, 37.41，39.38, 67.47，114.74, 127.64，150.80; SIMS m/z 576.3 (M+); Anal. 
Calcd for CzsH-sOzBr�：C, 58.34; H, 8.39. Found: C, 58.35; H, 8.49. 
Preparation of copolymer series, poly|(/7R)-(+)-I12]-2,5-paracyclo-l,4-phanylene-
(£)-vinylene)]x-co-{2,5-bis(3J-dimethyIoctyI)oxy-l,4-phenylene-(£)-vinylene]y 
�(/7RH+H12jPCP-PPVlx-aHBMDO-PPVly [{pRH+)-49] 
[0 [7RH+)-[12]PCP-PPV]2-c^?-[BMDO-PPV], . TO a rapidly stirred solution of (pR)-
(+)-14,17-bis(bromomethyl)[ 12]paracyclophane (38) (288mg, 0.67mmol) and a’oc，-
dibromo2，5-bis(3，7-dimethyloctyloxy)-厂-xylene (48) (190mg, O.33mmol) in THF 
(33.3ml) under nitrogen was added potassium ferf-butoxidQ (1.12g. lO.Ommol) in one 
portion. The reaction mixture was stirred for 24h, and then quenched by acidification 
with 1N aqueous HCl (40ml). The jelly-liked product suspended in HCl was extracted 
into chloroform (50ml) and the chloroform solution was sucessively washed with IN 
aqueous HCl (40ml) and water (2x 40ml). The polymer solution was concentrated to 
about 20ml and poured into methanol (200ml) to precipitate out the polymer. 丁he 
solid was filtered, redissolved into chlorofrom (20ml) and re-precipitated by pouring 
into methanol (200ml) to give pure [(/;»RH+)-[12]PCP-PPV]2-a;-[BMDO-PPVJ, as 
an orange-yellow solid (180mg. 56%). 'H N M R (broad peaks) 6 0.45-1.98. 2.53. 3.25, 
4.13.7.14, 7.44; IR(KBr disc, cm'') 2922. 2853. 1498. 1456. 1418. 1381, 1365, 1342. 
1244. 1196. 1047, 1021.962; G P C data (polystyrene standards): M„= 5.58 x 10', M , 
7.60 X 10', PD= 1.36; T G A showed decomposition at 353''C; Anal. Calcd for 
([C2oH28]2-co-[C28H4602]i)n： C, 85.89; H, 10.74. Found: C. 85.60: H, 10.75. 
|(/7RH+)-|121PCP-PPV|,-a;-|BMI)()-PPV|,. As described above, it was prepared 
from 38 (215mg, 0.50mmol) and 48 (288mg, O.SOmmol) in T H F (33.3ml) as an 
orange-red solid (150mg, 44%); 'h N M R (broad peaks) 5 0.45-2.10, 2.51, 3.26, 4.13, 
7.16’ 7.48; IR (KBr disc, cm"') 2922, 2863, 1502, 1458，1421, 1384, 1347, 1192, 960; 
G P C data (polystyrene standards): Mn= 6.65 x 10-\ M w : 8.59 x 10-\ PD= 1.29; T G A 
showed decomposition at 367"C; Anal. Calcd for ([C2oH28]i-co-[C28H4602],)n： C, 
84.46; H，10.85. Found: C, 84.01; H, 10.88. 
[(pRH+)-|12]PCP-PPV],-c6>-[BMDO-PPV]2. As described above, it was prepared 
from 38 (142mg, 0.33mmol) and 48 (386mg, 0.67mmol) in T H F (33.3ml) as a red 
solid (250mg, 67%); 'H N M R (broad peaks) 5 0.50-2.00, 2.54, 3.25, 4.12, 7.15, 7.48; 
IR (KBr disc, cm"') 2925, 2857, 1501’ 1464, 1419. 1382. 1365, 1346’ 1249, 1199, 
1049, 1022，966; G P C data (polystyrene standards): Mn= 5.78 x 10\ M、、： 7.69 x 10'. 
PD= 1.33: T G A showed decomposition at 363。C: Anal. Calcd for ([C^ oPbsli-tY)-
f.C:sH4602]2)n： c. 83.21; I I. 10.95. Found: C. 83.09: H. 10.92. 
|(/7RH+)-|121PCP-PPVj|-aHBMDO-PPV|4. As described above, it was prepared 
from 38 (86.0mg. 0.20mmol) and 48 (461 mg, O.SOmmol) in T H F (33.3ml) as a deep-
red solid (230mg. 60%); 'H N M R (broad peaks) 5 0.45-2.00. 2.59. 3.21. 4.11. 7.18. 
7.50: IR (KBr disc，cm'') 2924. 2865. 1503. 1465. 1420. 1382. 1364, 1350. 1251, 
1200, 1049, 1023. 966; G P C data (polystyrene standards): Mn= 4.13 x 10'. M、、= 6.49 
X 10). PD= 1.57; T G A showed decomposition at 367。C: Anal. Calcd for 
([C2oH28]rco-[C28H4602]4)n： C, 82.33; H, 11.02. Found: C. 82.25: H. 10.98. 
Preparation of copolymer series, poly|(/7RH+)-[141-2，5-paracyclo-l,4-phanylene-
(£>vinylene)|、-a?-[2，5-bis(3,7-dimethyloctyl)oxy-l，4-phen>lene-(£>vinylenel、 
| ( / ; R H + ) - | 1 4 | P C P - P P V K - 6 Y ; - | B M D ( ) - P P V | , ( ( / 7 R H + ) - 5 ( ) 1 
1 � 
[(pRH+)-[141PCP-PPV]2-c^-[BMDO-PPV],. To a rapidly stirred solution of (pR)_ 
(+)-16,19-bis(bromomethy 1)[ 14]paracyclophane (39) (307mg, 0.67mmol) and a,a'-
dibromo-2,5-bis(3,7-dimethyloctyloxy)-;?-xylene (48) (190mg, 0.33mmol) in T H F 
(33.3ml) under nitrogen was added potassium /err-butoxide (1.12g，lO.Ommol) in one 
portion. The reaction mixture was stirred for 24h, and then quenched by acidification 
with IN aqueous HCl (40ml). The jelly-liked product suspended in HCl was extracted 
into chloroform (50ml) and the chloroform solution was successively washed with IN 
aqueous HCl (40ml) and water (2x 40ml). The polymer solution was concentrated to 
about 20ml and poured into methanol (200ml) to precipitate out the polymer. The 
solid was filtered, redissolved into chlorofrom (20ml) and re-precipitated by pouring 
into methanol (200ml) to give pure [(pR)-(+)-[ 14]PCP-PPV]2-CY;-[BMD0-PPV] , as 
an orange-yellow solid (210mg. 62%); 'H N M R (broad peaks) 8 0.51-2.17. 2.57, 3.25. 
4.13.7.14. 7.44; IR (KBr disc, cm'' ) 2924, 2852. 1498. 1458. 1418. 1380. 1365, 1342. 
1244. 1196. 1048, 962: G P C data (polystyrene standards): M:尸 6.61 \ 10-\ M、v= 9.20 
\ 10，‘ 1.39; T G A showed decomposition at 350T: Anal. Calcd for 
([C22H3:]:-a;-[C28H,,02li)n： C. 85.88: H. 10.93. Found: C. 85.67: H. 11.00. 
l(pRH+)-|14jPCP-PPVI,-c6;-|BMDO-PPVl,. As described above, it was prepared 
from 39 (229mg，0.50mmol) and 48 (288mg. 0.50mmol) in THF (33.3ml) as an 
orange-red solid (220mg. 63%): 'H N M R (broad peaks) 5 0.45-2.06, 2.58. 3.20. 4.12. 
7.17. 7.42; IR (KBr disc, cm'') 2922, 2856, 1461. 1196. 1045. 964; G P C data 
(polystyrene standards): 7.10 x 10', M\、.= 9.60 x lO'. PD= 1.35; T G A showed 
decomposition at 363。C; Anal. Calcd for ([C22H32],-CY;-[C:sH460:],)„： C，84.51; H, 
10.99. Found: C, 84.86; H. 11.25. 
|(/;RH+)-|141PCP-PPV|,-a;-|BMDO.PPVh. As described abene. it was prepared 
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from 39 (151mg, 0.33mmol) and 48 (386mg, 0.67mmol) in T H F (33.3ml) as a red 
solid (230mg, 61%); N M R (broad peaks) 5 0.69-2.10, 2.59, 3.21, 4.12, 7.18，7.50; 
IR (KBr disc，cm-') 2924，2855, 1501, 1460, 1419, 1381，1365, 1347，1250, 1199, 
1049, 1022, 965; G P C data (polystyrene standards): Mn= 6.29 x 10-\ M w = 8.30 x 10-\ 
PD= 1.32; T G A showed decomposition at 353°C; Anal. Calcd for ([C22H32]i-co-
[C28H4602j2)n： C, 83.27; H, 11.03. Found: C, 83.14: H. 11.10. 
|(/7RH+)-|141PCP-PPV]rCO-[BMDO-PPVl4. As described above, it was prepared 
from 39 (91.6g, 0.20mmol) and 48 (461mg, O.SOmmol) in T H F (33.3ml) as a deep-
red solid (160mg, 40%); 'H N M R (broad peaks) 5 0.68-2.10’ 2.56, 3.21, 4.11, 7.19, 
7.51; IR (KBr disc, cm"") 2925. 2865, 1503, 1465, 1420. 1382. 1365. 1350, 1251, 
1201. 1049, 1023, 966; G P C data (polystyrene standards): M丨尸 5.42 x 10', M\、= 7.70 
X 10-\ PD= 1.42; T G A showed decomposition at 360X: Anal. Calcd tbr 
([C22H32ji-cY;-[C2,sH4602.]4)n： C. 82.38: H. 11.07. Found: C. 82.08: H. 10.96. 
Preparation of copolymer series, poly|(/7S)-(-)-(12j-2,5-paracyclo-l,4-phanylene-
(£^-vinylene)lx-ct>-I2,5-bis(3,7-dimethyIoctyI)oxy-l,4-phenylene-(£)-vinylene|y. 
l(/7SH-H12jPCP-PPVl\-aHBMDO-PPVjv |(pSH-)-51 丨 
|(/7SH-)-[121PCP-PPV|2-cf?-[BMDO-PPVl,. To a rapidly stirred solution of{/;SH-)-
14.17-bis(bromomethyl)[ 12]paracyclophane (40) (288mg. 0.67mmol) and a.a"-
dibromo-2.5-bis(3,7-dimethyloctyloxy)-;?-xylene (48) (190mg. 0.33mmol) in THF 
(33.3ml) under nitrogen was added potassium /6T/-butoxide (1.12g. lO.Ommol) in one 
portion. The reaction mixture was stirred for 24h. and then quenched by acidification 
with IN aqueous HCl (40ml). The jelly-liked product suspended in HCl was extracted 
into chloroform (50ml) and the chloroform solution was successively washed with IN 
aqueous HCl (40ml) and water (2x 40ml). The polymer solution was concentrated to 
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about 20ml and poured into methanol (200ml) to precipitate out the polymer. The 
solid was filtered, redissolved into chlorofrom (20ml) and re-precipitated by pouring 
into methanol (200ml) to give pure [(pSH-)-[12]PCP-PPV]2-co-[BMDO-PPV], as an 
orange-yellow solid (200mg, 63%); 'H N M R (broad peaks) 5 0.46-2.00，2.52, 3.25, 
4.13,7.17,7.44; IR (KBr disc, cm'') 2925, 2854, 1731, 1600, 1498, 1458, 1417, 1381, 
1365. 1341, 1199, 1048，963: GPC data (polystyrene standards): M„= 5.49 x 10', M,v= 
7.55 X \0\ PD= 1.38; T G A showed decomposition at 360''C: Anal. Calcd for 
([C2oH28]2-co-[C28H4602]i)n： C, 85.89; H, 10.74. Found: C, 84.93: H, 10.80. 
1(/7SH-)-[12]PCP-PPV]rCo-[BMDO-PPV],. As described above, it was prepared 
from 40 (215mg, 0.50mmol) and 48 (288mg, 0.50mmol) in THF (33.3ml) as an 
orange-red solid (170ing. 51%); 'H N M R (broad peaks) 6 0.45-2.10. 2.50, 3.26, 4.12. 
7.16. 7.48; IR (KBr disc. cnV') 2924. 2855„ 1499. 1461. 1418. 1381. 1343. 1247. 11%. 
1048. 963: G P C data (polystyrene standards): M"二 6.33 x iO'. 8.55 x lO'. PD= 
1.35: T G A showed decomposition at 353"C: Anal. Calcd for ([C^ oFhsli-cf；-
|C : sH4602| i )n： c. 84.46: H. 10.85. Found: C. 84.14: H. 11 .11 . 
|(/?SH-)-112]PCP-PPV|,-C6;-lBMDO-PPVl2. As described above, it was prepared 
from 40 (142mg. 0.33mmol) and 48 (386mg. 0.67mmol) in THF (33.3ml) as a red 
solid (230mg. 64%); 'H N M R (broad peaks) 5 0.50-2.00. 2.54. 3.25, 4.12, 7.15, 7.48: 
IR (KBr disc, cm"') 2925, 2856. 1501. 1460. 1419. 1381 1365. 1347. 1249. 1199. 
1049. 1022, 965; GPC data (polystyrene standards): Mn= 5.50 x 10'. M � � = 7.80 x 10'. 
PD= 1.42; T G A showed decomposition at 367T: Anal. Calcd for ([CioHislrcv^-
[C28H4602]2)n： C, 83.21; H, 10.95. Found: C, 83.22: H. 11.15. 
| ( /7SH-)-!12 |PCP-PPVl ,-a;- |BMl)0 -PPV |4. As described abo\c. it was prepared 
7 > 
from 40 (86.0mg, 0.20mmol) and 48 (461mg, O.SOmmol) in T H F (33.3ml) as a deep-
red solid (210mg, 55%); 'H N M R (broad peaks) 5 0.68-1.92, 2.51, 3.22, 4.11, 7.19, 
7.50; IR (KBr disc, cm-') 2925, 2865, 1503, 1466, 1420，1382，1364，1350, 1251, 
1200, 1049，1023, 966; G P C data (polystyrene standards): Mn= 4.20 x \0\ 6.50 
X 10', PD= 1.55; T G A showed decomposition at 360^; Anal. Calcd for 
([C2oH28lrC'o-[C28H4602]4)n： C. 82.33; H. 11.02. Found: C. 82.19; H, 11.21. 
Preparation of copolymer series, poly[(pS)-(-)-(14]-2,5-paracyclo-l,4-phanylene-
(£)-vinylene)]x-C(?-[2,5-bis(3,7-dimethyloctyl)oxy-l,4-phenylene-(£)-vinylenely. 
【(pSH-H14]PCP-PPVIx-c<7-[BMDO-PPVlv [(/7SH-)-52] 
|(pSH-)-(141PCP-PPVl2-cf?-(BMDO-PPVl,. To a rapidly stirred solution of{pS)-{-)-
16,19-bis(bromomethyl)[ 12]paracyclophane (41) (307mg. 0.67mmol) and a,a,-
dibromo-2.5-bis(3.7-dimethyloctyloxy)-/?-xylene (48) (190mg. 0.33mmol) in THF 
(33.3ml) under nitrogen was added potassium /e/7-butoxide (1.12g. 10.Ommol) in one 
portion. The reaction mixture was stirred for 24h. and then quenched b\ acidification 
with IN aqueous HCl (40ml). The jelly-liked product suspended in HCl was extracted 
into chloroform (50ml) and the chloroform solution was successively washed with IN 
aqueous HCl (40ml) and water (2x 40ml). The polymer solution was concentrated to 
about 20ml and poured into methanol (200ml) to precipitate out the polymer. The 
solid was filtered, redissolved into chlorofrom (20ml) and re-precipitated by pouring 
into methanol (200ml) to give pure [(pSH-)-[l4]PCP-PPV]2-a>[BMDO-PPV], as an 
orange-yellow solid (200mg. 59%): 'H N M R (broad peaks) 5 0.51-2.17. 2.58. 3.19, 
4.12. 7.14, 7.42; IR (KBr disc, cm"') 2923, 2851, 1497, 1457. 1379. 1341, 1246. 1195. 
1046. 961; G P C data (polystyrene standards): M"二 6.88 x 10'. M、、： 9.49 x 10', PD= 
1.38: T G A showed decomposition at 357(、C: Anal. Calcd for 
( | C : : I l : , 2 | 2 - a ; - [ C 2 . s I U 0 2 l i ) n： C . 8 5 . 8 8 : 11. 1 0 . 9 3 . Found: C . 8 5 . 9 8 : I L 11 .13 . 
(pSH-)-[14]PCP-PPV]i-co-[BMDO-PPV]I. As described above, it was prepared 
from 41 (229mg, O.SOmmol) and 48 (288mg, O.SOmmol) in T H F (33.3ml) as an 
orange-red solid (240mg, 68%); 'H N M R (broad peaks) 5 0.45-2.06, 2.58, 3.19, 4.12, 
7.17, 7.42; IR (KBr disc, cm'") 2924, 2853, 1499, 1460, 1418，1381，1343’ 1247，1195, 
1047. 963; G P C data (polystyrene standards): M„= 7.47 x 10'. M、、二 9.70 x 10', PD= 
1.30: T G A showed decomposition at 357')C; Anal. Calcd for ([C22H32]i-a)-
[C28H4602]i)n： C，84.51; H, 10.99. Found: C, 84.64; H, 11.27. 
[ ( /7SH-)-[14]PCP-PPV],-CO-[BMDO-PPV]2. AS described above, it was prepared 
from 41 (151mg, 0.33mmol) and 48 (386mg, 0.67mmol) in THF (33.3ml) as a red 
solid (230mg. 60%); 'H N M R (broad peaks) 5 0.69-2.10. 2.59. 3.21,4.11, 7.18, 7.50; 
IR (KBr disc, cm'') 2924, 2857. 1500. 1462.丨419. 1382. 1346. 1248. 1196. 1022, 965: 
G P C data (polystyrene standards): M„= 6.39 x 10\ iM、、= 8.56 \ 10'. PD二 1.34: T G A 
showed decomposition at 353"C: Anal. Calcd for (| C：：H；,：] i -c7>-[C2sH4(,0：]2)n： C. 
83.27: H. 11.03. Found: C. 83.12: H. 11.30. 
| ( /7SH-H141PCP-PPV||-aHBMDO-PPV |4. As described above, it was prepared 
from 41 (91.6g, 0.20mmol) and 48 (461mg. O.SOmmol) in T H F (33.3ml) as a deep-
red solid (21 Og. 54%); IH N M R (broad peaks) 6 0.45-2.00. 2.59. 3.21,4.11.7.18. 7.50: 
IR (KBr disc, cm"') 2925. 2865. 1503. 1465. 1420. 1382.丨364. 1350. 1251. 1200. 
1049. 1023. 966; G P C data (polystyrene standards): Mn= 5.50 x 10'. 7.47 x 10', 
PD= 1.36; T G A showed decomposition at 350"C: Anal. Calcd for ([匸22日32]丨-0；-
[C28H4602]4)n: C, 82.38; H, 11.07. Found: C, 82.34： H. 11.06. 
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